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(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR,  1200  to  2400  MST,  18  August  1992  (1-h  avenges)  . 

54.  Vmtical  profiles  of  wind  qieed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  at  APRF  site  and  (b)  a  WF-100  radar  at  Oasis 
ste,  WSMR,  1400  to  2000  MST.  19  August  1992 

(IS-min  avenges  for  the  924  data) . 


FigmM  (oontioiied) 


55.  Diuraal  variatkm  of  (a)  wind  qwed  and  (b)  wind  direction  as  measured 
widi  a  924-MHz  profiler  at  120  m  AGL  (APRF  site)  and  towm^mounted 

H  90.  120,  and  150  m  AGL  (LC-3S).  WSMR,  0000  to  2400  MST, 

19  August  1992  (15-inin  averages)  .  101 

56.  Vertical  profiles  of  wind  qieed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR, 

0000  to  1200  MST,  19  August  1992  (IS-min  averages)  .  102 

57.  Vertical  profiles  of  wind  qieed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR, 

1200  to  2400  MST,  19  August  1992  (15-min  avenges)  .  103 

58.  Vertkal  fuofiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR.  0000  to  1200  MST.  19  August  1992  (14  averages)  .  104 

59.  Vertical  |Mofiles  of  wind  apted  and  wind  directioii.  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR,  1200  to  2400  MST.  19  August  1992  (14  avenges)  .  lOS 

60.  Vertical  profiles  of  wind  qseed  and  wind  directum,  as  measured  with 
(a)  a  924-MHz  profiler  at  APRF  site  and  (b)  a  WF-100  radar  at  Oasis 
site,  WSMR.  1400  to  2000  MST.  20  August  1992 

(IS-min  avenges  for  die  924  data) .  106 

61.  Diurnal  variation  of  (a)  wind  qieed  arul  (b)  wind  direcdoo  as  measured 
widi  a  924-MHz  profiler  at  120  m  AGL  (APRF  site)  and  tower-mounted 
anemometen  at  90,  120,  and  150  m  AGL  (LC-35).  WSMR,  0000  to  2400  MST, 

20  August  lf>92  (15  -min  avenges) .  107 

62.  Vertical  profiles  of  wind  qieed  and  wind  directioo,  as  measured  widi 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR, 

0000  to  1200  MST,  20  August  1992  (15-min  avoages)  .  108 

63.  Vertical  profiles  of  wind  qieed  and  wind  direcdon,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  rite,  WSMR, 

1200  to  2400  MST,  20  August  1992  (IS-min  averages)  .  109 

64.  Verdcal  profiles  of  wind  qieed  and  wind  direcdon,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR,  0000  to  1200  MST.  20  August  1992  (14  avenges)  .  110 

65.  Vertical  {uofiles  of  wind  qwed  and  wind  direcdon,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site,  WSMR, 

1200  to  2400  MST,  20  August  1992  (14  avnages) .  Ill 
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FifurM  (cootiiiiied) 


66.  Vertical  profiles  of  wiod  speed  sad  wind  dinrtioa,  as  measured  with 
(a)  a  924-MHz  profiler  at  APRF  site  aod  (b)  a  WF>100  radar  at  Oasis 
site,  WSMR,  1400  to  2000  MST,  21  August  1992 

(IS-^nin  averages  for  die  924  data) .  112 

67.  Diurnal  variation  of  (a)  wind  qreed  and  (b)  wind  direction  as  measured 
with  a  924>MHz  profiler  at  120  m  AOL  (APRF  nte)  and  tower-mounted 
anemometers  at  90.  120.  and  ISO  m  AGL  (LC-3S).  WSMR.  0000  to  2400  MST. 

21  August  1992  (IS-min  averages)  . .  113 

68.  Votical  profiles  of  wind  tpeed  and  wind  directicm,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar.  APRF  nte.  WSMR. 

0000  to  1200  MST.  21  August  1992  (IS-min  averages)  .  114 

69.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar.  APRF  site.  WSMR, 

1200  to  2400  MST.  21  August  1992  (IS-min  avmges)  .  IIS 

70.  Vertical  profiles  of  wind  speed  snd  wind  directim,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profilm'.  APRF  site. 

WSMR.  0000  to  1200  MST.  21  August  1992  (1-h  averages)  .  116 

71.  Vmtical  profiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR,  1200  to  2400  MST,  21  August  1992  (1-h  averages)  .  117 

72.  Vertical  profiles  of  wind  qieed  and  wind  directicm,  as  measured  with 
(a)  a  924-MHz  profiler  at  APRF  site  and  (b)  a  WF-100  radar  at  Oasis 
site,  WSMR.  1300  to  1900  MST.  24  August  1992 

(15-min  averages  for  the  924  data) .  118 

73.  Diunud  variation  of  (a)  wind  qteed  and  (b)  wind  direction  as  measured 
with  a  924-MHz  proffler  at  120  m  AGL  (APRF  site)  and  tower-mounted 
anemometers  at  90,  120,  and  ISO  m  AGL  (LC-3S),  WSMR,  0000  to  2400  MST, 

24  August  1992  (IS-min  averages) .  119 

74.  Vertical  profiles  of  wind  qreed  and  wind  directicm,  as  measured  with 
(a)  a  924-MHz  profilm  and  (b)  a  sodar,  APRF  site,  WSMR, 

0000  to  1200  MST,  24  August  1992  (IS-min  avmages)  .  120 

75.  Vmtical  profiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  92^MHz  profilm  and  (b)  a  sodar,  APIG’  site,  WSMR, 

1200  to  2400  MST,  24  August  1992  (IS-min  avmages)  .  121 

76.  Vertical  profiles  of  wind  qpeed  and  wind  directicm,  as  measured  with 
(a)  a  924-MHz  profilm  and  (b)  a  404-MHz  piofilm,  APRF  «te, 

WSMR,  0000  to  1200  MST,  24  August  1992  (1-h  averages)  .  122 
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77.  Vertical  fuofiles  of  wind  speed  and  wind  duectian,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404>MHz  profiler,  APRF  site, 

WSMR,  1200  to  2400  MST,  24  August  1992  (1-h  avenges)  .  123 

78.  Vertical  inofiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924>MHz  profiler  at  APRF  site  and  (b)  a  WF>100  radar  at  Oasis 
site,  WSMR,  1300  to  1900,  MST,  25  August  1992 

(IS^nin  averages  for  die  924  data) .  124 

79.  Diuraal  variadoa  of  (a)  wind  speed  and  (b)  wind  direction  as  measured 
widi  a  924-MHz  profiler  at  120  m  AGL  (APRF  site)  and  tower-mounted 
anemometen  at  90,  120,  and  ISO  m  AGL  (LC-3S),  WSMR,  0000  to  2400  MST, 

25  August  1992  (15-min  averages)  .  .  125 

80.  Vertical  profiles  of  wind  speed  and  wind  diiecdoo,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR, 

0000  to  1200  MST,  25  August  1992  (15-inin  averages)  .  126 

81.  Vertical  profiles  of  wind  qieed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR, 

1200  to  2400  MST,  25  August  1992  (15-min  averages)  .  127 

82.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profiler  and  (b)  a  404-MHz  profilo-,  APRF  site, 

WSMR,  0000  to  1200  MST,  25  August  1992  (1-h  averages)  .  128 

83.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with 
(a)  a  924-MHz  profilo'  and  (b)  a  404-MHz  profiler,  APRF  site, 

WSMR,  1200  to  24(X)  MST,  25  August  ISKKZ  (14  averages)  .  129 

84.  Diurnal  variatkm  of  (a)  wind  speed  and  (b)  wind  direction  as  measured 
widi  a  S124-MHz  profiler  at  120  m  AGL  (APRF  site)  and  tower-mounted 
anemometers  at  90,  120,  and  150  m  AGL  (LC-35),  WSMR, 

(KXX)  to  2400  MST,  15  ^[iril  19S>2  (30-min  averages) .  137 

85.  Diurnal  variatirm  of  (a)  wind  speed  sad  (b)  wind  directiao  as  measured 
widi  tower-mounted  anmnometers  at  40  and  50  m  AGL  (LC-35)  and 

a  sodar  at  50  m  AGL  (APRF  site),  WSMR,  0000  to  2400  MST, 

15  April  1992  (30-min  averages)  .  138 

86.  Diurnal  variation  of  (a)  wind  speed  and  (b)  wind  direction  as  measured 
widi  a  924-MHz  proper  at  120  m  AGL  a^  a  sodar  at  75,  100,  125, 
and  150  m  AGL,  APRF  site,  WSMR,  0000  to  2400  MST,  15  April  1992 

(30-inin  averages)  .  139 

87.  Diurnal  variation  of  (a)  wind  qieed  and  (b)  wind  direction  as  measured 

with  a  924-MHz  profiler  at  218  m  AGL  and  a  sodar  at  175,  200,  225, 
and  250  m  AGL,  APRF  site,  WSMR,  0000  to  2400  MST,  15  1992 

(30-inin  averages)  .  140 
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Figuns  (cootmiwd) 


88.  Diunial  variation  of  (a)  wind  tptod  and  (b)  wind  direction  aa  measured 
widi  a  924-MHz  profiler  at  317  m  AGL  a^  a  sodar  at  275,  300,  32S, 
and  350  m  AOL,  APRF  site,  WSMR,  0000  to  2400  MST,  15  April  1992 

(304nin  averages)  .  141 

89.  Diurnal  variation  of  (a)  wind  qieed  and  (b)  wind  direction  as  measured 
with  a  924>MHz  profiler  at  416  m  AGL  a^  a  sodar  at  375,  400,  425, 
and450mAGL,  APRF  site,  WSMR,  0000  to  2400  MST,  15  April  1992 

(30>min  averages)  .  142 

90.  Diurnal  vaiiatioo  of  (a)  wind  speed  and  (b)  wind  direction  as  measured 
with  a  924>MHz  profiler  at  514  m  AGL  a^  a  sodar  at  475  and 

500  m  AGL,  APRF  site,  WSMR,  0000  to  2400  MST,  15  April  1992 

(30-nun  avoages)  .  143 

91.  ConqiatisMi  of  virtual  temperatures  based  on  RMS  (APRF  site)  and 
radiosonde  (Oasis  site)  data  during  qipareatiy  um'form  wind  field 
conditiaos,  WSMR,  2  April  1992:  (a)  verti^  virtual  terqwrature 
profiles,  (b)  vertical  tenqierature  difference  profiles,  and  (c)  regression 
line.  RA^  data  represent  a  6*min  avoage  from  0200  to  0206  MST, 

and  die  radiosonde  was  released  at  0158  MST .  147 

92.  Conyarison  of  virtual  temperatures  based  on  RASS  (APRF  site)  and 
radiosonde  (Oasis  site)  data  during  qipanndy  uniform  wind  field 
condidons,  WSMR,  7  April  1992:  (a)  verti^  virtual  teiqienture 
profiles,  (b)  vmtical  temperature  diffaenoe  inofiles,  and  (c)  rvfression 
line.  RASS  data  rqiresent  a  6-min  avenge  from  0700  to  0706  MST, 

and  die  radiosonde  was  released  at  0657  MST .  148 

93.  Comparison  of  virtual  tenqieratures  based  on  RASS  (APRF  site)  and 
radioMode  (Oasis  site)  data  during  qiparandy  nntfiitm  wind  fi^ 
conditions,  WSMR,  12  April  1992:  (a)  vertkal  virtual  teoperature 
profiles,  (b)  vertical  tenqierature  diffiuanoe  profiles,  ami  (c)  regression 
line.  RAK  data  rqireeent  a  6-min  average  from  1130  lo  1136  MST, 

and  die  radiosonde  was  released  at  1133  MST. .  149 

94.  Comparison  of  virtual  temperatures  based  on  RASS  (APRF  site)  and 
radiosonde  (Oasis  site)  data  thtring  apparently  uniforai  wind  field 
conditions,  WSMR,  15  April  1992:  (a)  vertical  vutaal  tampiiratnrr 
profiles,  (b)  vertical  temperature  diflforeace  pnrfUes,  and(c)iegnasion 
line.  RASS  data  rqiresent  a  6^nin  average  from  0700  lo  0706  MST, 

and  dm  radiosonde  was  released  at  0700  MST .  150 

95.  Conqwrison  of  virtual  tenqierstures  based  on  RASS  (APRF  site)  and 
radiosonde  (Oasis  site)  data  during  qiparendy  uniform  wind  field 
conditions,  WSMR,  21  April  1992:  (a)  vertical  vutual  teaqierature 
profiles,  (b)  vertical  tenqperature  diffbence  profiles,  and  (c)  regression 
line.  RASS  data  represent  a  ti-min  average  from  0730  to  0736  MST, 

and  the  radiosonde  was  released  q  0740  MST .  151 
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96.  Compariioo  of  virtual  tempentum  baaed  on  RASS  (APRF  aite)  and 
ladkMoade  (Oaata  aite)  data  during  iqipaioitly  uniform  wind  field 
cooditioiia,  WSMR,  30  April  1992:  (a)  vertical  virtual  teiq)mtute 
profika,  (b)  vertical  temperature  difforence  profiles,  and  (c)  regressioa 
line.  RA^  data  represent  a  6>niin  average  friun  0100  to  0106  MST, 

and  die  radiosonde  was  released  at  0057  MST .  152 

97.  Compariaan  of  virtual  tetqieiatures  baaed  on  RASS  (APRF  site)  and 
radioaoiide  (Oaaia  site)  data  during  qiparently  uniform  wind  field 
oooditiooa,  WSMR,  19  May  1992:  (a)  vertical  virtual  tenqierature 
profiles,  (b)  vertical  temperature  difference  profiles,  and  (c)  regression 
line.  RA^  data  represent  a  6-min  average  from  1300  to  1306  MST, 

and  die  radiosonde  was  released  at  1258  MST .  153 

98.  Comparison  of  virtual  tenveratures  based  (m  RASS  (APRF  rite)  and 
radiosonde  (Oasis  rite)  data  during  appaiendy  unifimn  wind  field 
conditioos,  WSMR,  27  May  1992:  (a)  vertkri  virtual  tenqieratute 
profiles,  (b)  vertical  temperature  difiierence  profiles,  and  (c)  n^resricm 
line.  RA^  data  repteseot  a  6>min  avoage  from  13(X)  to  1306  MST, 

and  die  radiosonde  was  rdeased  at  1255  MST .  154 

99.  Conqiariaon  of  virtual  temperatures  based  <m  RASS  (APRF  rite)  and 
radiosonde  (Oasis  rite)  data  during  qiparendy  uniform  wind  field 
conditioos,  WSMR,  3  June  1992:  (a)  vertical  virtual  tempmature 
profiles,  (b)  vertical  ten^perature  difference  profiles,  and  (c)  r^resrion 
line.  RASS  data  represent  a  6-min  average  fiom  11(X)  to  1106  MST, 

and  the  radiosonde  was  rdeased  at  1056  MST .  155 

0 

100.  Comparison  of  virtual  teiqieratures  based  on  RASS  (APRF  rite)  and 
ladiosoode  (Oasis  rite)  data  during  appaiendy  uniform  wind  fidd 
condidons,  WSMR,  10  June  1992:  (a)  vertical  virtual  temperature 
profilea,  (b)  verticd  temperature  difference  inofilea,  and  (c)  r^resrion 
line.  RASS  data  iqnesent  a  3^ttin  average  from  0200  to  0203  MST, 

and  die  tadiosaode  was  rdessed  at  0156  MST. .  156 

101.  ComparisMi  of  virtud  tenqieratures  based  on  RASS  (APRF  rite)  and 
ladioaonde  (Oasis  rite)  data  during  qjpareody  uniform  wind  fidd 
conditions,  WSMR,  19  June  1992:  (a)  vertical  virtual  tenyerature 
profiles,  (b)  vertical  tenqierature  difference  profiles,  and  (c)  r^resrion 
line.  RASS  data  represent  a  3-min  average  fiom  0000  to  0003  MST, 

and  die  radiosonde  was  rdeased  at  0006  MST .  157 

102.  CmEparison  of  virtual  tenqimatures  based  on  RASS  (APRF  rite)  and 
radiosonde  (Oasis  rite)  data  during  iqiparendy  uniform  wind  fidd 
conditions,  WSMR,  1  July  1992:  (a)  verticd  virtud  tenqiefature 
profiles,  (b)  varied  tenqierature  difference  profiles,  and  (c)  r^iesrion 
line.  RA^  data  rqiresent  a  3-min  average  from  0700  to  0703  MST, 

and  die  radiosonde  was  released  at  0700  MST .  158 
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Fifuns  (cooiiiiiied) 


103.  CompMMon  of  viitiul  ten^enturM  bued  oo  RASS  (APRF  lite)  and 

ndioaoiide  (Oaaia  site)  data  during  qipaiently  unifonn  wind  field 
ooaditioaa,  WSMR,  2  July  1992:  (a)  vertical  virtual  tes^terature 
ptofika,  (b)  vertical  tenqieratute  difference  profika,  and  (c)  legiearian 
line.  RA^  data  rqiweaent  a  3-nun  avenge  born  0630  to  0633  MST, 
and  die  radioaonde  waa  rdeaaed  at  0630  MST . 

104.  Cmnpariaao  of  virtual  ten^eratuiea  baaed  on  RASS  (APRF  aite)  and 

ndioaoiide  (Oaais  site)  data  during  qiparently  uniibmi  wind  field 
cooditiotia,  WSMR,  9  July  1992:  (a)  vertical  virtual  ietnperatun 
profika,  (b)  vertical  teinpentuie  difference  ptofilea,  and  (c)  rcgieaaion 
line.  RA^  data  repieaent  a  3<nua  avenge  fiom  0700  to  0703  MST, 
and  die  radioaonde  was  released  at  0700  MST. . 

105.  Comparison  of  virtual  teapentuies  baaed  on  RASS  (APRF  site)  and 

radioaonde  (Oaaia  site)  data  during  qipaiendy  uniform  wind  fidd 
conditions,  WSMR,  24  July  1992:  (a)  vertical  virtual  ten^ierature 
profiles,  (b)  vertical  temperature  difference  profiles,  and  (c)  regression 
line.  RA^  data  tepresent  a  3-min  average  from  0700  to  0703  MST, 
and  die  radioaonde  was  released  at  0659  MST. . 

106.  Conqiariaon  of  virtual  tenqxuatures  baaed  on  RASS  (APRF  site)  and 

radioaonde  (Oasis  site)  data  during  if^Mrendy  unifinm  wind  field 
conditions,  WSMR,  12  August  1992:  (a)  vertical  virtual  temperature 
profiles,  (b)  vertical  temperature  difference  profiles,  and  (e)  regreaaion 
line.  RASS  data  rqireaent  a  3-min  average  from  0700  to  0703  MST, 
and  the  radiosonde  was  rdeased  at  06SS  MST . 

107.  Comparison  of  virtual  tonperatures  based  oo  RASS  (APRF  site)  and 

radiosonde  (Oasis  site)  data  during  qiparendy  uniform  wind  field 
conditions,  WSMR,  13  August  1992:  (a)  vertical  virtual  temperature 
profiles,  (b)  vertical  temperature  difference  {uofilea,  and  (c)  regression 
line.  RASS  data  rqneaent  a  3-min  average  fiom  0700  to  0703  MST, 
and  the  radiosonde  was  released  at  0700  MST . 

l(ffi.  Corqwrison  of  virtual  temperatures  based  on  RASS  (APRF  site)  and 
radiosonde  (Oasis  site)  data  during  qiparently  uniform  wind  field 
conditions,  WSMR,  24  August  lfl92:  (a)  vertical  virtual  tenqierature 
profiles,  (b)  votical  tmnperature  diffmence  profiles,  and  (c)  rqpession 
line.  RA^  data  rqiresent  a  3-min  average  from  0530  to  0533  MST, 
and  the  radiosonde  was  rdeased  at  0529  MST . 

109.  Crmipoatle  comparison  of  virtual  tenveratures  based  oo  RASS 
(APRF  rite)  and  radiosrmde  (Oasis  rite)  data  during  19  days  of 
^iparently  uniform  wind  fidd  conditions,  WSMR,  2  >^>ril  to 
24  August  1992.  RASS  data  rqnesent  both  3-  and  6-min  averages 


Appendix  Flpra 


E-1.  Regieiiion  linee  fiw  (a)  U  component,  (b)  V  conyonent,  and 

(c)  leeultaiit  wind  ap^  baaed  on  meeaufementa  with  a  924-MHz 
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Executive  Summary 

A  924-MHz  Boundary  Layer  Radar  is  a  candidate  for  incorporation  into  the 
Mobile  Profiler  System  (MPS)  bdng  developed  by  the  Battlefield 
Environment  Directorate  (BED)  of  the  Army  Research  Laboratory  (ARL). 
One  requirement  of  the  MPS  is  to  provide  wind  data  during  IS-min 
sampling  periods  at  least  conq>arable  to  the  data  obtained  by  rawinsondes. 
To  evaluate  the  924-MHz  radar,  the  radar  was  (grated  at  the  Atmospheric 
Profiter  Researdi  Facility  (APRF)  at  the  High  Energy  Laser 
Instrumentation  Develq)ment  Laboratory  (HIDL)  during  the  spring  and 
summer  of  1992.  APRF  is  an  appropriate  location  for  evaluation  because 
the  facility  includes  fixed-towm*  anemometers  and  404-MHz,  SO-MHz,  and 
sodar  wind  profilers.  Moreover,  a  rawinsonde  and  WF-KX)  wind-finding 
radar  site  (Oasis)  is  located  relatively  cloM  to  APRF. 

The  evaluation  period  ran  from  24  March  to  26  August  1992.  For  this 
report,  23  days  with  iq^}atently  uniform  winds  in  the  White  Sands  Missile 
Range  air  shed  and  14  days  when  WF-KX)  data  were  available  were 
selected  for  evaluation  of  t)»  ^4-MHz  profiler. 

Extensive  efforts  were  expencted  to  establish  consistent  data  formats  among 
tiie  systems  and  ensure  tluit  neariy  identical  sampling  volumes  were  used 
for  the  gnqMcal  and  statistical  e>^uation. 

The  comparison  of  the  924-MHz  profiler  witii  the  five  other  systems  is 
quite  good  on  days  with  uniform  winds  and  minimal  convective  activity,  but 
^radic  on  days  that  do  not  meet  this  criterion.  It  should  be  noted  that 
(1)  the  profiler  data  have  been  consensus  averaged;  (2)  the  data  have  been 
corrected  for  v^cal  motion,  tiw  correction  being  negligible  at  low  vertical 
wind  ^)eeds;  and  (3)  die  statistical  comparisons  encompass  temporally 
equivalent  periods. 

Particulaiiy  curious  is  the  fact  that  the  U  components  agreed  well  in  some 
cases  while  the  V  components  did  not  and  vice  versa.  Results  of  paired 
t-tests  and  correlation  and  regression  analyses  are  included.  The  role  of 
meteorological  factors,  spatial  separation,  and  differences  in  temporal 
resolution  as  they  affect  the  comparisons,  particularly  between  the  924-MHz 
and  rawinsonde  data,  are  addressed. 
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The  conclusion  is  that  when  the  complete  set  of  evaluation  data  are 
omsidered,  the  wind  data  from  924-MHz  profiler  system  agrees  with  the 
unnd  data  from  the  other  systems  to  within  2  m/s  in  wind  speed  and  to 
within  10*  in  directitm,  although  there  are  mudi  larger  variations  fmind  in 
individual  data  sets.  Some  of  the  large  discrqumdes  found  in  the 
individual  data  sets  can  be  traced  to  meteordogical  facUns;  in  odier  cases 
determining  die  reason  for  discrqiancies  will  require  further  study. 


1.  Introduction 

A  small,  portable  924-MHz  wind-profiling  Doppler  radar,  developed  at, 
and  provided  by,  the  National  Oceanic  and  Atmosj^ieric  Administration's 
(NOAA)  Aeronomy  and  Wave  Propagation  Laboratories  in  Boulder,  CO, 
is  a  cai^idjtte  for  incoiporation  into  the  Mobile  Profiler  System  (MPS) 
bong  develq)ed  by  the  U.S.  Army  Research  Laboratmy’s  (ARL) 
Battlefield  Environment  Directorate  ^ED)  at  White  Sands  Missile  Range 
(WSMR),  NM.  The  MPS  must  acquire  sufficient  wind  data,  compand>le 
to  rawinsonde  data,  during  a  IS-min  period  to  generate  an  upper-air 
meteorological  (MEI)  message  for  the  field  artillery.  The  wind  speeds 
measured  with  the  924-MHz  system  had  to  be  within  ±2  m/s  and  the  wind 
directions  within  ±10**  of  those  measured  with  the  rawinsonde  system. 

To  determine  whether  the  924-MHz  system  meets  this  specific  requirement, 
a  measurement  program  was  conducted  at  WSMR  during  the  spring  and 
summer  of  1992.  The  924-MHz  system  operated  virtually  continuously 
during  the  15S-day  period  fixmi  24  Mardi  to  26  August  1992  at  the 
Atmospheric  Profiler  Researdi  Facility  (APRF).  Selected  wind  data  from 
tiiis  period  were  compared  witii  data  from  ^periodic  launches  of 
rawinsondes  from  Oasis,  located  about  6  km  southwest  of  APRF. 

An  Omega-based  Vaisala  rawinsonde  served  as  a  major  basis  of 
comparison.  However,  this  particular  Vaisala  system  in  a  stand-alone  motte 
uses  an  Ekman  qnral  to  qjproximate  the  winds  for  the  first  600  m  above 
die  surfsoe.  Thus,  comparisons  of  rawinsonde  and  924-MHz  data  were 
made  only  in  die  range  of  600  m  above  ground  level  (AGL)  to  2538  m 
AGL,  the  latter  bmng  die  u[^  limit  of  the  test  924-MHz  system  operating 
in  the  low  mode. 

Because  of  the  spatial  separation  of  Oasis  and  APRF,  the  comparisons  were 
limited  to  23  rawinsonde  runs  when  the  wind  field  appeared  to  be  uniform 
and  a  reasonably  complete  set  of  wind  data  was  available  from  the 
924-MHz  profiler. 

An  Enteiprise  WF-100  Wind-Finding  Radar  system  was  used  to  facilitate 
comparison  of  winds  in  the  lower  600  m.  However,  the  WF-100  system 
was  not  inccMporated  into  the  measurement  program  until  17  June,  and  it 
was  only  used  on  portions  of  14  days.  For  those  14  periods,  die  924-MHz 
data  were  also  compared  to  wind  data  from  collocated  sodar  and  404-MHz 
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wind  i»x>filer  systems  and  nearby  tower-mounted  anemometers. 
Comparison  statistics  may  be  degraded  because  the  presence  of  a  uniform 
wind  field  was  not  a  criterion  for  data  selection. 

Also  illustrative  of  the  quality  of  the  wind  data  from  the  surfiu:e  to  600  m 
AGL  are  comparismis  among  the  924-MHz,  anemometer,  and  sodar 
systems.  As  an  example  of  such  comparisons,  a  single  day,  15  April,  was 
selected. 

Finally,  data  from  the  924-  and  404-MHz  profilers  were  compared. 

This  rqxnt  contains  brief  descriptions  of  die  instrumentation,  discussions 
of  the  comparison  techniques,  and  comparisons  of  die  results  in  figures  and 
tables. 

In  addition  to  the  wind  comparison,  temperature  data  acquired  with  a  Radio 
Acoustic  Sounding  System  (RASS)  attached  to  the  924-MHz  profiler  are 
compared  to  tenqierature  data  acquired  with  radiosondes  launched  from 
Oasis. 

Appendix  A  provides  information  on  die  range  gates  for  die  924-MHz 
profiler,  the  sodar,  and  the  profiler.  Appendix  B  lists  range-gate 

data  for  RASS  virtual  temperature  profiles,  and  qipendix  C  provides 
supplemental  information  on  the  rawinsonde  and  WF-100  systems. 
Appendix  D  lists  sample  statistic,  and  qjpendix  E  shows  sample  regression 
line  plots. 
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2.  Measurement  Sites 

The  924>MHz,  404-MHz,  and  sodar  measurements  were  made  at  APRF, 
the  anemometer  measurements  at  the  ISO-m  tower  at  LC-35  (immediately 
adjacent  to  APRF),  and  the  balloon  measurements  at  Oasis.  The  relative 
positions  of  APRF  and  Oasis  are  shown  in  figure  1. 


Figure  1.  Relative  locations  of  sampling  sites. 
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3.  Wind 


3.1  Instrumentation 

The  wind  measurement  systems  selected  for  this  study  were  the  924-MHz 
wind  profiler;  two  fTee-4>alloon  tracking  systems,  an  Omega  rawinsonde  and 
a  wind-finding  radar;  a  404-MHz  wind  profiler;  a  sodar;  and  anemometers 
at  multiple  levels  of  a  150-m  tower.  These  systems  and  certain 
performance  characteristics  are  summarized  in  table  1.  More  complete 
information  is  provided  in  Hines,  et  al.  [1] 


Tabk  1.  VHnd  measurement  systems  used  in  the  924-MHz  profiler  evaluation 


System 

hfonu£u:turer 

Mode 

Height 

Range 
(m  AGL) 

Votical 

Resolution 

(m) 

Avoaging 

Interval 

(min) 

924  MHz 

NOAA 

Low 

120-2500 

100 

30  or  15 

High 

127-5000 

200 

30  or  15 

Rawin 

Vaisala 

N/A 

<30,000 

1200 

4 

WF-100 

Bntetprise 

N/A 

<6000 

50  or  150 

0.17 

404  MHz 

UNISYS 

Low 

500-9250 

335 

60 

High 

7500-16250 

1000 

60 

Sodar 

Radian 

N/A 

50-525 

25 

15 

U-V 

R.  M.  Young 

N/A 

7.6-152.4 

8  Ivls 

1 

The  temperature 

measurement 

systems  were 

limited  to 

the  virtual 

temperature  measured  by  the  RASS  system  associated  with  the  924-MHz 
wind  profiler  and  the  air  temperature  and  moisture  measured  with  the 
radiosonde  system. 


3.1.1  924~MHz  Profiler  Syaem 


The  924-MHz  profiler  system  includes  three  antenna  beams.  In  order  of 
sampling  sequence,  the  antenna  beam  orientations  are  as  follows: 

1.  Vertical 

2.  75®  azimuth,  tilted  20*  off  vertical 

3.  345*  azimuth,  tilted  20*  off  vertical 

The  924-MHz  profiler  has  two  modes:  low  and  high.  The  low  mode 
consists  of  25  gates  and  has  a  vertical  resolution  of  about  100  m  from  70 
to  2538  m  AGL.  The  gates  and  corresponding  altitude  ranges  are  listed  in 
iqipendix  A. 

As  shown  in  table  2,  both  low-  and  high-mode  data  were  acquired  over  30- 
and  15-min  sampling  intervals.  However,  only  the  low-mode  data  are  used 
for  this  report.* 


Table  2.  System  configurations  for  the  924-MHz  wind  profiler 


Date 

(1992) 

Mode 

Sampling 

Interval 

(min) 

Dwell 

Time 

(s/beam) 

24  Mar  -  5  June 

Low  and  high 

30 

30 

5  June  -  25  June 

Low  only 

15 

30 

26  June  -  26  Aug 

Low  or  high 

15 

20 

In  addition  to  the  wind  data,  virtual  temperature  data  were  acquired  with 
an  RASS  system.  RASS  data  were  acquired  during  the  first  6  min  of  the 
30-min  sampling  intervals  and  during  the  first  3  min  of  the  15-min  sampling 
intervals. 


*  As  suggested  in  table  2,  there  were  insufficient  high-mode  data  to  extend  the  comparison 
to  higher  altitudes. 
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Each  of  the  three  924-MHz  beams  was  on  for  either  30  or  20  s,  requiring 
90  s  or  1  min,  respectively,  to  detain  one  sample.  A  maximum  of  8  low- 
and  8  high-mode  samples  were  obtained  during  the  30-min  sampling  period. 
A  maximum  of  8  or  12  low-mode  samples,  depending  on  the  dwell  time, 
were  obtained  during  the  15-min  sampling  periods. 

Because  of  the  RASS  data  acquisition,  low-mode  wind  data  were  acquired 
during  only  12  min  of  the  30-min  sampling  periods  and  low-  or  high-mode 
wind  data  were  acquired  during  only  12  min  of  the  IS-min  sampling 
periods. 

The  time  assigned  to  a  30-  or  IS-min  period  refers  to  the  start  of  the 
period. 

The  horizontal  wind  data  are  corrected  for  vertical  motion. 

3.1.2  Renvinsonde 

Although  rawinsonde  data  are  acquired  from  a  number  of  sites  at  WSMR, 
only  those  from  Oasis  are  used  in  this  study  because  it  is  closest  to  APRF. 

The  rawinsonde  system  used  in  this  evaluation  is  an  Omega-based  Vaisala 
navigation  aid  (NAVAID)  system.  Relative  position  data  are  acquired 
every  10  s  with  the  Vaisala  system.  Four-min  averages  are  used  for  wind 
measurement  because  the  Omega  system  has  an  inherent  noise  in 
differential  position  measurements  of  200  m. 

For  an  approximate  balloon  rise  rate  of  300  m/min,  4  min  translates  to  a 
vertical  displacement  of  approximately  1200  m.  Thus,  the  first  valid 
average  wind  data  apply  to  the  600  m  AGL  level  (about  2  min  into  the 
flight).  For  the  rawinsondes  released  at  Oasis  during  the  summer  of  1992, 
the  winds  below  600  m  (except  for  the  surface  wind)  were  estimated 
proprietarily  using  an  Ekman  spiral.  Above  600  m,  the  wind  data  are 
reported  at  10-s  intervals  and  represent  a  cubic  spline  fit  to  the  data  from 
6()0  m  below  to  600  m  above  the  10-s  point. 

Additional  information  on  the  Vaisala  rawinsonde  systems  used  at  WSMR 
is  presented  in  appendix  C. 
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3.1,3  WF-IOO  Radar 


The  Enterprise  WF-100  Wind-Finding  Radar  System  is  designed  to  provide 
elevation  angle,  azimuth  angle  and  range  data  at  1-s  intervals.  In  reality, 
the  1-s  data  represent  averages  over  either  10  s  (5  s  on  either  side  of  the  1-s 
pmnt)  or  30  s  (IS  s  on  either  side  of  the  1-s  point).  For  a  balloon  rise  rate 
of  300  m/min,  the  10-s  and  30-s  data  correspond  to  proximate  averaging 
intervals  of  50  m  and  ISO  m,  respectively. 

The  WF-100  wind  data  were  acquired  at  'A-h  intervals  during  2-  to  S-h 
periods  on  each  of  14  days  (see  table  3  for  specific  information  on  the  dates 
and  times  of  these  wind  soundings  and  availability  of  corresponding 
924-MHz  data). 

The  lS0*m  layer  data  were  available  for  the  June  and  July  data  and  the 
SO-m  layer  data  for  the  August  data.  The  difference  in  vertical  resolution 
is  taken  into  account  in  the  comparisons  with  the  924-MHz  data. 

Detailed  information  on  the  WF-100  system  is  provided  in  appendix  C. 


Table  3.  Availability  of  WF-100  and  corresponding  924-MHz  data 


Date 

(1992) 

Time 

Interval* 

(MST) 

Corresponding 
924-MHz  Data 

Vertical 

Averaging 

Interval 

(m) 

17  June 

0730-1030 

yes 

150 

18  June 

1330-1830 

yes 

150 

24  June 

0730-1030 

yes 

150 

2S  June 

1430-1830 

yes 

150 

1  July 

0130-0430 

yes 

150 

2  July 

0330-0630 

yes 

150 

8  July 

1330-1630 

yes 

150 

9  July 

1600-1830 

yes 

150 

18  August 

1600-1800 

yes 

50 

19  August 

1600-1800 

yes 

50 

20  August 

1600-1800 

partial 

50 

21  August 

1600-1800 

yes 

50 

.24  August 

1500-1700 

yes 

50 

25  August 

1500-1700 

yes 

50 

*Duriag  a>e  specified  time  intervals,  balloons  were  released  at  30-min  intervals. 
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3J.4  404-MHz  Profiler 


The  404-MHz  profiler  consists  of  three  antenna  beams.  In  order  of 
sampling  sequence,  the  antenna  beam  orientations  are  as  follows: 

1.  90®  (±3®)  azimuth,  tilted  16.1®  off  vertical 

2.  360®  (±3®)  azimuth,  tilted  16.1®  off  vertical 

3.  Vertical 

The  404-MHz  profiler  has  two  modes:  low  and  high.  The  data  acquisition 
proceeds  as  follows: 

Low  mode:  1  min/antenna  beam  for  a  total  of  3  min 
High  mode:  1  min/antenna  beam  for  a  total  of  3  min 

A  maximum  of  10  low-mode  and  10  high-mode  profiles  occur  widiin  a 
60-min  period. 

Aldiou^  the  profiler  data  were  acquired  in  both  the  low  and  high  modes, 
only  low-mode  data  were  used  in  this  evaluation.  The  gates  and 
corresponding  altitude  ranges  are  listed  in  appendix  A. 

The  time  assigned  to  a  1-h  average  refers  to  the  start  of  the  hour. 

The  horizontal  wind  data  are  corrected  for  vertical  motion. 

3.1,5  Sodar 

The  sodar  consists  of  three  horns.  The  horns  were  pulsed  every  5  s  for  125 
ms.  Values  of  the  U  component,  V  component,  and  resultant  wind  speeds 
were  determined  every  15  s.  A  maximum  of  60  samples  were  obtained 
every  15  min.  Only  15-min  average  data  are  available  for  the  analyses. 

The  single  mode  of  the  sodar  consists  of  20  gates  and  spans  an  altitude 
range  from  37.5  to  537.5  m  AGL.  The  gates  and  corresponding  altitude 
ranges  are  listed  in  appendix  A. 

The  time  assigned  to  a  15-min  period  refers  to  the  end  of  that  period. 
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3,1  i6  Tower-MouiUed  UV  Anemometers 

A  150-fn  tower  is  located  at  LC-3S,  ^)proximately  O.S  km  southeast  of 
APRF.  The  tower  has  a  triangular  ctcms  section  with  1.2-m-wide  sides. 
The  booms  that  support  R.  M.  Young  Model  27106  anemometers  are  3.6-m 
long  and  oriented  at  an  azimuth  of  210*  from  the  tower.  Little  efrect  of 
tower  shklow  on  the  data  is  expected. 

The  U  and  V  probes  are  mmmted  at  eight  levels  on  the  ISO-m  tower  at 
IjC-3S.  The  eight  levels  are  7.6, 22.9,  38.1,  S3.3,  68.6, 91.4, 121.9,  and 
152.4  m  AGL.  The  U  probe  is  oriented  toward  the  east.  A  positive  U 
indicates  a  wind  component  blowing  from  the  east  toward  the  west,  i.e.,  an 
east  wind  component.  The  V  probe  is  oriented  toward  the  nordi.  A 
positive  V  indicates  a  wind  component  blowing  from  the  north  toward  the 
south  (i.e.,  a  north  wind  component). 

The  data  were  acquired  at  a  rate  of  1  sample  every  10  s.  The  10-s  data 
were  averaged  over  1  min  and  die  original  10-s  data  were  purged.  The 
1-min  data  were  averaged  over  the  appnyriate  IS-  or  30-min  period. 

The  time  assigned  to  a  period  refers  to  the  end  of  that  period. 

3.2  Analysis 

The  data  were  ingested  and  ardiived  at  the  Microhub/Meteorological 
Atmospheric  Sensing  System  (MHUB/MASS)  facility  at  APRF.  Data 
analyses  were  produced  with  the  Statistical  Analysis  Software  (SAS) 
package  on  die  Ifrgh  Energy  Laser  Systems  Test  Facility  (HELSTF)  fiVax 
and  APRF  730  work-stadon.  The  majority  of  the  effort  document^  in  a 
preliminary  report  was  to  establish  consistent  data  formats  and  units  from 
the  widely  disparate  data  formats  used  by  the  various  systems  and  ensure 
that  similtu*  volumes  were  compared  to  minimize  differences  in  the  vertical 
and  temporal  resolution  of  the  various  systems.  [2] 

For  this  report,  no  quality  control  algorithms  are  applied  other  than  an 
internal  consensus  provided  by  the  system’s  manufecturer. 

Wind  barbs  and  line  plots  are  used  to  show  the  comparisons  graphically. 
The  conversion  of  wind  barb  to  wind  speed  is  illustrated  in  figure  2. 
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Figure  2.  Wind  barb  to  wind  speed  conver^on. 


For  the  comparison,  differences  in  the  volume  (vertical)  and  temporal 
resolution  of  the  various  systems  are  minimized. 

3,2,1  Volume  Averag^g 

Because  of  the  di^Mrity  in  vertical  resolution  of  the  five  systems,  volume 
averaging  was  used  to  approximately  equate  the  sampling  volumes  when 
comparing  the  results  from  two  systems. 

Figure  3  shows  the  gates  and  gate  ranges  for  the  924-MHz  profiler  and  the 
four  other  systems  throughout  the  vertical  range  of  the  924-MHz  system. 

Figure  4  illustrates  the  relative  vertical  sampling  volumes  normalized  to  the 
low-mode  sampling  volume  of  the  924-MHz  system. 

Vector  avmnging  of  the  wind  data  is  used  to  equate  sampling  volumes  in 
the  vertical.  For  example,  figure  5  shows  that  four  sodar  gates  and  the  top 
three  tower  levels  iq>proximately  equate  to  the  lowest  924-MHz  gate. 
Therefore,  the  wind  data  from  the  four  sodar  gates  are  vectorially  averaged 


31 


a« 


RELMIVE  VERTICAL  RESOLUTION 


924  vs  404 


924  V8  Sodar 


924  vs  Tower 


924  vs  Rowirwonde 


924vsWF-100 


Ugore  4.  Relative  votlcal  resohition  of  the  six  wind  measurement  systems  used  in  the 
conqiarative  evaluation. 
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Altitude  (km  AGL) 
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and  con^MUVd  to  ^  wind  dida  fr<Mn  die  corresponding  single  924-MHz 
gide.  The  same  vectorial  averaging  is  qiplied  to  the  wind  data  from  tower 
leveb  6,  7,  and  8. 

For  404-MHz  data,  at  least  dixee  924-MHz  gates  must  be  combined  to 
compare  widi  a  siqgje  404-MHz  gate. 

For  rawinsonde  data,  it  must  be  reiterated  dud  the  vertical  resolution  of  the 
Vaisala  system  is  a  4-min  average.  The  resdution  is  dqiendent  on  die  rise 
rate  of  the  balloon  and,  in  general,  is  equivalent  to  about  1200  m. 

As  shown  in  table  2,  die  vertical  resoluticMi  of  die  WF-100  is  ddier  ISO  or 
50  m  widi  two  WF-100  gates  ^jfvoximately  corresponding  to  three 
924-MHz  gates,  and  two  WF-100  gates  qiproximately  ctmresponding  to  a 
single  924-MHz  gate,  respectively. 

3.2.2  Tmpond  Avtragbtg 

Table  1  shows  the  temporal  resolution  of  the  three  profiling  systems 
ranging  from  IS  min  for  the  sodar  to  60  min  for  the  404-MHz  system.  The 
924-MHz  system  occupies  an  intermediate  position  with  the  temporal 
resolution  ranging  from  30  min  until  S  June  and  IS  min  after  S  June.  Once 
again,  vector  averaging  is  used  to  approximately  equate  sampling  intervals 
to  die  largest  common  denominator. 

The  balloon  was  within  die  low-mode  vertical  range  of  the  924-MHz  system 
for  only  2  to  S  min,  depending  on  die  rise  rate  of  the  balloon,  for  die 
rawinsonde  and  WF-100  s^^ms.  The  IS-  or  30-min  period  ov^apping 
the  time  that  the  balloon  was  within  the  sampling  volume  of  die  924-MHz 
is  used  to  compare  the  balloon  data  with  the  924-MHz  system  data. 

The  1-min  tower  data  were  vectorially  averaged  over  IS  or  30  min 
correqxmding  924-MHz  averaging  interval  in  effect  at  the  time. 

3.2.3  Spatial  Separadon 

The  balloons  associated  with  the  rawinsonde  and  WF-100  systems  were 
released  from  Oasis  as  previously  mentioned.  Although  Oasis  is  located 
about  6  km  southwest  of  APRF,  it  is  reasonably  well  situated  with  respect 
to  AFRF,  especially  during  spring  with  the  prevailing  soudiwesterly  flow 
and  summer  with  the  prevailing  southeasterly  flow. 
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Figure  6  shows  imhvidiial  examples  and  a  composite  example  of  selected 
rawinscmde  balloon  surface  projections  of  trajectories  from  the  point  of 
release  through  the  brief  period  (less  than  S  min)  that  the  balloons  were 
within  the  altitude  range  of  the  924. 

No  attempt  is  made  to  compensate  for  spatial  separation  of  the  measurement 
pmnts.  However,  the  spatial  separation  is  taken  into  account  in  the 
qualitative  descriptions  of  the  comparisons. 


3,2,4  Stadsdcs 


Wind  data  analyses  were  produced  using  the  SAS  commercial  statistics 
package.  The  statistical  comparison  involves  the  Pearson  product>moment 
(correlation)  coefficient  (p). 


0 


•  • 


where 

oms  ~  other  measurement  system, 
the  root  mean  square  error  (rocA  MSB), 


not  USE  • 


where 

n  —  number  of  observations 
p  »  number  of  parameters  Qn  this  case  2) 

B  s  bias  or  expected  value  of  the  diilerence  (E[x^  -  x^J) 
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SOUTH  —  pea)  —  NOflTH  SOUTH 


RAWINSONDE  RELEASE  TRACK  RAWINSONDE  RELEASE  TRACK 


F%iire  6.  Horiioiital  projection  of  the  tnUectiny  of  mwinsondes  released  from  Oasis 
Anring  the  S|»1ng  and  summer  of  1992:  (a)  24  Afardi,  0201  MST,  (b)  19  May,  1258  MST, 
(c)  24  August,  0529  MST,  and  (d)  composite  of  all  23  rawinsondes  (924  s  AFRF  complex). 


P) 


E<*««  -*— ) 

- - - 


and  die  paired  Student’s  t-test  probability  (Prob  >  |t|) 

f (4) 
s 


where 

S  s=  standard  deviation 


(5) 


The  paired  Student’s  t-test  probability  and  die  Pearson  product-moment 
(correlation)  coefficient  are  discussed  in  more  detail  in  dw  following  two 
sections. 

3.2.4. 1  Student’s  Mest. —To  investigate  whether  there  is  a  significant  difference 
between  die  wind  speed  measured  over  approximately  equal  time  intervals 
and  height  ranges  by  the  924-MHz  profiler  as  compared  to  the  odier 
instrumentation  (i.e.,  the  tower  anemometers,  the  sodar,  the  404-MHz 
profiler,  the  rawinsondes,  and  the  WF-100),  the  paired  Student’s  t-test  was 
selected  to  compare  the  U  and  V  components  and  resultant  wind  qieeds. 
Although  this  test  is  reasonably  informative  vdth  regard  to  nonnormal 
distributions,  the  Wilcoxon  rank  test  also  could  be  used  in  this  case. 

Analyses  of  speed  and  direction  measurement  differences  between  the 
924-MHz  system  and  the  other  four  systems  indicate  that  the  data  are  from 
mnmally  distributed  populations;  therefore,  the  t-test  is  a  valid  test.  The 
t-statistic,  the  t  probability,  and  the  Wilcoxon  probability  are  computed  for 
each  data  set.  Appendix  D  contains  sample  output. 
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The  standard  null  hypothesis  is  that  die  differences  between  means  of  the 
paired  profiler  speed  populations  are  not  significantly  different  from  zero. 
The  significance  of  this  hypc^esis  is  tested.  If  a  S  percent  significance 
le^  is  chosen  as  the  measure  of  rejection  (at  least  a  S  percent  chance  the 
results  ate  not  random),  then  tlw  probability  (Prob  >  1 1 1 )  is  compared 
with  O.OS.  If  the  probability  is  greater  than  0.05,  then  the  null  hypothesis 
is  not  rejected.  In  other  words,  the  probability  is  the  observed  sigi^camx 
level,  die  probability  that  the  observ^  difference  in  means  between  the  two 
pt^ulations  would  occur  if,  in  fact,  the  difference  in  means  of  the 
pqHilation  is  not  significandy  different  from  zero. 

3.2.4.2  Regressum/Correlation.-To  investigate  linear  relationships,  or  offsets, 
between  the  profilers,  the  SAS  package  was  used  to  compute  regression 
coefficients  and  the  standard  Pearson  product-moment  (correlation) 
coefficient,  p  ,  on  individual  days,  as  well  as  summary  data  sets  of  all  days. 
A  sample  output  is  included  in  i^ppendix  D.  Sample  scatter  pl(^  are  shown 
in  appendix  E.  Standard  least  squares  regression  is  used  rather  than  the 
median  of  least  squares  regression  because  significance  tests  indicate  that 
parametric  statistics  are  a[9ropriate. 

3.3  Comparisons 

This  section  on  comparisons  is  divided  into  three  parts. 

The  first  part  investigates  whether  wind  qieeds,  measured  with  the 
924-MHz  system,  were  within  ±2  m/s  and  whether  wind  directions  were 
within  ±10^  of  the  rawinsonde  system  measurements. 

The  second  part  investigates  die  14  days  of  WF-1(X)  data,  emphasizing  the 
region  from  die  surface  to  nominally  600  m  AGL,  not  covered  by  the 
rawinsonde  data  from  Oasis. 

The  third  part  is  an  example  of  a  graphical  comparison  of  wind  speed  and 
direction  throughout  the  course  of  one  day  as  measured  by  tower-mounted 
anemometers,  sodar,  and  the  924-MHz  profiler. 


3,  3.1  9Z4-MHZ  versus  Rawinsonde  Wind  Data 

To  minimize  the  effect  of  the  6  km  separation  of  APRF  and  Oasis  on  tl^ 
comparison  of  the  924-MHz  and  rawinsonde  data,  only  the  periods  when 
the  air-shed  wind  field  aiq)eared  to  be  uniform  and  the  wind  speeds 
moderate  were  included. 

In  addition,  there  would  have  to  be  reasonably  complete  vertical  924-MHz 
profiles  attending  a  rawinsonde  flight. 

The  period  from  24  March  through  25  August  1992  represented  15S  days 
of  potential  924-MHz  data.  There  were  a  total  of  301  rawinsonde  runs  on 
101  of  the  155  days.  The  924-MHz  data  acquired  during  that  101-day 
period  were  screened  for  periods  displaying  uniform  wind  fields  and 
rawinsonde  data  available  during  the  same  periods.  This  process  reduced 
the  original  301  rawinsonde  profiles  to  23. 

The  comparisons  of  the  924-MHz  and  rawinsonde  data  are  shown  in  figures 
7  to  14.  Most  of  the  expected  uniform  wind  fields,  based  on  the  924-MHz 
data,  were  confirmed  by  the  rawinsonde  data. 

Tables  4  and  5  show  comparison  statistics  {correlation  coefficient  (p),  the 
t  probability  (Prob  >  |t|),  the  root  mean  square  error  (root  MSB),  and  the 
e^qiected  value  of  the  difference  of  the  two  means  [E(x  *  x)]}< 
Corresponding  statistics  for  a  924-  and  404-MHz  comparison  are  listed  in 
tables  6  and  7. 

Low  and  negative  correlation  coefficients  appeared  on  seme  days.  The 
sur&ce  weather  data  were  examined  for  evidence  of  convective  activity  that 
might  disturb  an  otherwise  apparently  uniform  wind  field. 

3.3.2  WF-m  Periods 

In  contrast  to  the  rawinsonde  data,  WF-100  data  were  acquired  at  ‘A-h 
intervals  over  2-  to  5-h  periods  on  14  days.  The  evolution  of  the  wind  field 
could  be  viewed,  but  the  wind  field  might  not  be  uniform. 

Also,  during  the  14  days  of  924-MHz  low-mode  and  WF-KX)  data, 
reasonably  complete  data  sets  were  acquired  from  the  tower  (except  for 
July),  sodar,  404-MHz  (except  for  July),  and  rawinsonde  systems. 
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Altitude  (m  AGL) 


(a)  (b)  (c) 


Hours  (MST) 

Figure  7.  Comparison  of  volume-averaged  wind  profiles  based  on  924-MH2  wind  profiler 
and  rawinsonde  during  apparently  uniform  wmd  field  conditions!  (a)  24  March  1992, 
0200-0230  MST,  (b)  26  March  1992,  1930-2000  MST,  and  (c)  29  March  1992, 
1630-1700  MST. 
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Altitude  (m  AGL) 


31  Mirch  1992  2  April  1992  7  April  1992 


(a)  (b)  (c) 


Hours  (MST) 


Figure  8.  Cmnpaiison  of  volume-averaged  wind  profiles  based  on  S124-MHz  wind  profiler 
him!  rawii^nde  data  during  apparently  unifonn  wind  field  conditions:  (a)  31  March  1992, 
1930-2000  MST,  (b)  2  April  1992,  0130-0200  MST,  and  (c)  7  April  1992,  0030-0700  MST. 
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Altitude  (m  AGL) 


Hours  (MST) 

figure  9.  Cwnparison  of  volume-averaged  wind  profiles  based  on  924-MHz  wind  profiler 
and  rawinsonde  data  during  apparently  uniform  wind  field  conditions:  (a)  12  April  1992, 
1130-1200  MST,  (b)  15  April  1992, 0700-0730  MST,  and  (c)  22  April  1992, 0730-0800  MST. 


43 


(o)  (b)  (c) 


Hours  (MST) 

Figure  10.  Cnnparisoii  of  volume-ayeraged  wind  proffles  based  on  S^24-MHz  wind  profiler 
and  rawinsonde  data  during  apparently  uniform  wind  field  concUtions:  (a)  30  April  1992, 
0030-0100  MST,  (b)  19  May  1992, 1230-1300  MST,  and  (c)  27  May  1992, 1230-1300  MST. 


44 


3  June  19% 


10  June  1992 


19  June  1992 


Hours  (MST) 


F^re  11.  Comparisoii  of  volunie-ayeniged  wind  profiles  based  on  924-MHz  wind  proHler 
and  rawinsonde  data  during  apparently  uniform  wind  field  conditions:  (a)  3  June  1992, 
1030-1100  MST,  (b)  10  June  1992, 0145-0200  MST,  and  (c)  19  June  1992, 0000-0015  MST. 
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Hours  (MST) 

12.  CMnparisoii  of  voliiiiie*aTeniged  wind  profiles  based  on  92A-MHz  wind  profiler 
and  ran^nsonde  data  during  apparently  uniform  wind  field  conditions:  (a)  30  June  1992, 
1245-1300  MST,  (b)  1  July  1992,  0700-0715  MST,  and  (c)  2  July  1992,  0630-0645  MST. 
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24  July  1992 


12  August  1992 


Hours  (MST) 

Flpire  13.  Comparison  of  yohime-ayeraged  wind  profiles  based  on  924-MHz  wind  profiler 
and  nwinsinide  data  during  ajqiarently  uidfonn  wind  field  conditions:  (a)  9  July  1992, 
064541700  MST,  (b)  24  July  1992,  0645-0700  MST,  and  (c)  12  August  1992, 
06454r700  MST. 
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nmre  14.  Compsrisoii  of  vrfuine-averafed  wind  profiles  based  on  924-MHz  wind 
and  rawinsonde  during  apparentiy  uniform  wind  field  conditi<His:  (a)  13  August  1992, 

Qf700-0715  MST,  and  (b)  24  August  1992,  0515-0530  MST. 
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Table  4.  Corrdathiii  coeilkieiits  of  924-MlIz  and  rawlnsmide  wind  qwed  and  wind 
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^ind-tpeed  compooenti 
‘Direction 

^No  convective  activity 


TdileS.  Slatiiticalsamiiiai7  of  tile  924-MHz  and  rawinsonde  wind  speed  comparistnB 
doiteg  nidfonn  wind  field  poriods 


Dale 

(1992) 

Time 

(MSI) 

U* 

Prob  >.  jii 
V“ 

MSB 

root 

E[x,-xJ 

24  Mar 

0201 

0.0001 

0.0011 

0.0001 

0.90 

2.66 

26  Mar 

1952 

0.0001 

0.0001 

0.0001 

0.18 

-0.40 

29  Mar 

1652 

0.0001 

0.0001 

0.0001 

0.53 

0.60 

31  Mar 

1953 

0.0001 

0.0001 

0.0001 

0.19 

3.31 

2  ^nr 

0158 

0.0001 

0.0421 

0.0001 

0.27 

-0.44 

7  ^ 

0657 

0.0001 

0.0320 

0.0001 

0.46 

2.46 

12  Apr 

1133 

0.0001 

0.0001 

0.0001 

0.46 

0.69 

15  Apr 

0700 

0.0001 

0.0001 

0.0001 

0.43 

1.75 

22  Apr 

0730 

0.0001 

0.0001 

0.0001 

0.64 

2.23 

30  Apr 

0057 

0.0001 

0.0001 

0.0001 

1.21 

3.10 

19  May 

1258 

0.9422 

0.0001 

0.0001 

0.49 

1.28 

27  May 

1255 

0.0001 

0.0001 

0.0001 

0.23 

1.00 

3  June 

1056 

0.0021 

0.0108 

0.0025 

0.41 

1.32 

10  June 

0156 

0.0549 

0.5107 

0.1043 

0.93 

-0.76 

19  June 

0006 

0.0001 

0.0001 

0.0001 

0.25 

2.75 

30  June 

1257 

0.0001 

0.0001 

0.0001 

0.30 

5.61 

1  July 

0706 

0.0001 

0.0095 

0.0001 

1.04 

6.36 

2  July 

0630 

0.0001 

0.0001 

0.0001 

0.43 

4.12 

9  July 

0655 

0.0069 

0.0001 

0.0001 

0.20 

1.32 

24  July 

0659 

0.2551 

0,1255 

0.8985 

0.55 

-0.01 

12  Aug 

0655 

0.2024 

0.0376 

0.2894 

0.17 

-0.05 

13  Aug 

0700 

0.0001 

0.0008 

0.0001 

0.13 

-1:33 

24  Aug 

0529 

0.0001 

0.0100 

0.0102 

0.25 

0.45 

Conqumte 

0.0001 

0.2307 

0.0001 

2.20 

1.79 

*Wad  §pBti  componwitt 
*B— iHmiI  horiM^  wind  ipeed 
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lUbbi.  6ondationcoefllcieatsof924-aiid404-MHzwiiidq)eedsduriiigtlieuiiif<»in 


wtadfiddperiodi 


DitB 

(1992) 

Time 

(MSD 

o 

I? 

V 

24  M» 

0201 

0.995 

0.931 

0.994 

26  Mar 

1952 

0.121 

0.789 

0.357 

29  Mar 

1652 

0.851 

0.450 

0.459 

31  Mar 

1953 

0.188 

0.967 

0.036 

2  Apr 

0158 

0.615 

-0.099 

-0.264 

7  Apr 

0657 

0.984 

0.614 

0.986 

12  Apr 

1133 

0.844 

-0.049 

0.264 

15  Apr 

0700 

0.688 

0.775 

0.675 

22  Apr 

0730 

0.939 

0.989 

0.981 

30^ 

0057 

0.983 

0.922 

0.878 

19  May 

1258 

-0.033 

-0.423 

-0.279 

27  May 

1255 

0.828 

0.916 

0.922 

3  June 

1056 

0.975 

0.780 

0.972 

10  June 

0156 

0.958 

0.884 

0.980 

19  June 

0006 

0.908 

0.712 

0.379 

30  June 

1257 

0.532 

0.745 

0.708 

1  July 

0706 

NA 

NA 

NA 

2  July 

0630 

NA 

NA 

NA 

9  July 

0655 

NA 

NA 

NA 

24  July 

0659 

NA 

NA 

NA 

12  Aug 

0655 

0.997 

0.989 

0.990 

13  Aiig 

0700 

0.513 

0.918 

*0.469 

24  Aug 

0529 

0.953 

0.758 

0.920 

Conqwsite 

0.928 

0.920 

0.825 

*^R^Bd*cp66d  compoBMits 
^Rfltnllatt  horizo^  wind  qwed 


Table  7.  Statistical  summary  of  the  924-  and  404-MHz  wind  profiler  wind  qieed 
finnyrhiMiMB  during  uniffnm  wind  field  periods 


Date 

(1992) 

Time 

(MST) 

U* 

Prob  >  |t| 
V 

root 

MSE 

E[x,-xJ 

24  Mar 

0201 

0.0043 

0.9999 

0.0037 

0.48 

1.46 

26  Mar 

1952 

0.0092 

0.3539 

0.0551 

1.48 

1.41 

29  Mar 

1652 

0.2110 

0.0034 

0.0025 

0.45 

1.02 

31  Mar 

1953 

0.1343 

0.0771 

0.1313 

2.23 

2.52 

2  Apt 

0158 

0.8366 

0.7453 

0.7934 

3.88 

-0.48 

1  Apt 

0657 

0.0001 

0.0772 

0.0001 

0.59 

2.17 

12  Apr 

1133 

0.8143 

0.0118 

0.0080 

1.94 

2.58 

15 

0700 

0.1281 

0.5973 

0.0946 

1.78 

1.46 

22  Apt 

0730 

0.0209 

0.7182 

0.0038 

0.77 

2.07 

30  Apt 

0057 

0.0016 

0.1513 

0.0191 

2.27 

2.08 

19  May 

1258 

0.2567 

0.1024 

0.1035 

1.69 

1.87 

27  May 

1255 

0.0114 

0.3775 

0.0084 

0.87 

1.76 

3  June 

1056 

0.0007 

0.0215 

0.0004 

0.92 

1.68 

10  June 

0156 

0.0019 

0.0059 

0.0001 

0.50 

1.10 

19  June 

0006 

0.9387 

0.1850 

0.0452 

1.28 

1.13 

30  June 

1257 

0.0407 

0.1617 

0.0259 

1.38 

2.84 

1  July 

0706 

NA 

NA 

NA 

NA 

NA 

2  July 

0630 

NA 

NA 

NA 

NA 

NA 

9  July 

0655 

NA 

NA 

NA 

NA 

NA 

24  July 

0659 

NA 

NA 

NA 

NA 

NA 

12  Aug 

0655 

0.0001 

0.0311 

0.0001 

0.30 

a88 

13  Ai^ 

0700 

0.0735 

0.0152 

0.0182 

1.04 

1.67 

24  Aug 

0529 

0.0089 

0.0654 

0.0371 

0.94 

3.13 

Composite 

0.0001 

0.0017 

0.0001 

2.24 

1.70 

*Wind  componeiiti 
^Ranllnt  horim^  wind  qM6d 
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Two  types  of  plots  show  data  comparisons:  (1)  the  diurnal  variation  at  fixed 
levels  and  (2)  vertical  wind>ba^  plots  that  compare  wind  speed  and 
direction  at  die  lowest  gate  of  the  924-MHz  system  with  the  vector  average 
of  the  wind  at  the  top  three  levels  of  the  tower.  The  various  comparisons 
are  shown  in  figures  15  through  83. 

Ctmiparison  and  composite  statistics  for  the  individual  WF>100  period  are 
shown  in  tables  8  dirwgh  11  and  table  12»  respectively. 

3.3.2.  J  27-18  June  1992. Seventeen  June  was  a  typical  premonsoon  season  day 
with  dear  sides,  li^t  winds,  and  low  mdsture  l^els.  Dewpoints  in  die 
low  20*s  late  in  the  morning  were  attributed  to  the  passage  of  a  weak  cold 
front.  As  the  day  progressed  dewpoints  rose.  By  sunrise  on  18  June, 
dewpoints  were  in  the  Winds  remained  light,  but  low  and  high  douds 
qipeared  and  weak  conveedve  aedvity  occurred  to  the  northeast. 

3.3.2.2  24-25 June  JPdJ.—Scattered  to  broken,  low  and  high  clouds  and  light  winds 
occurred  dirou^out  die  sampling  period.  Dewpoints  in  die  iq[>per  S0*s 
dropped  abnipdy  to  levds  in  the  low  to  mid  40*s  after  1000  MST  on 
24  June.  Very  little  conveedve  aedvity  occurred  on  24  June,  but  virga 
were  repwted  in  all  quadrants  late  in  die  aftmnoon. 

3.3.2.3  1-2  Jufy  1992.-Qn  1  and  2  July,  premonsoonal  condidons  prevailed  with 
few  douds  and  dewpoints  in  the  30’s  and  40's.  Gusty  surfece  winds  were 
reported  the  afternoon  and  eariy  evening  of  1  July  and  die  late  morning  of 
2  July. 

3.3.2.4  8-9  Jufy  1992.— On  8  and  9  July,  monsoon  conditions  occurred  with  dear 
skies,  dewpoints  ranging  from  dm  mid  50’s  to  low  60*s,  and  light  winds  in 
die  early  morning  hours.  As  low  douds  began  to  devdop  shordy  after 
sunrise,  dewpoints  began  to  drop.  By  afternoon,  general  convive  activity 
occurred  over  the  area,  and  dewpennts  ranged  ftrom  the  mid  30*s  to  low 
50*s.  The  convective  activity  dissipated  by  2300  MST. 

3.3.2.5  18-21  August  1992.—Soniih  central  New  Mexico  was  under  the  influence  of 
weak  monsoonal  flow  from  the  Gulf  of  Mexico  18  dirough  21  August. 
Dewpoints  were  generally  in  the  mid  50’s.  Sides  were  doudy  with 
convective  activity  each  afternoon.  On  19  August  the  convective  acti^/ity 
readied  its  peak  with  rain  being  reported  at  Oasis  from  2000  MST  until  just 
after  midnight. 
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Figure  15.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  at  AFRF  site  and  (b)  a  WF-100  radar  at  Oasis  site,  WSMR, 
0000  to  1200  MST,  17  June  19S12  (15-niin  averages  for  the  924  data). 
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Figure  16.  Diurnal  variation  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  924-MEb  pndiler  at  120  m  AGL  (AFRF  site)  and  tower-mounted  anemometers  at  90, 120, 
and  150  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  17  June  1992  (IS-min  averages). 
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figure  17.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924>MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  17  June  1992 
(IS-min  averages). 
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17  June  1992 
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Figure  18.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  17  June  1992 
(15>min  arerages). 
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Hgare  19.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  inrofila:  and  (b)  a  404-MHz  profiler,  AFRF  site,  WSMR,  0000  to  1200 
17  June  1992  (1-h  averages). 
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figure  20.  YerUcal  proflks  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MRz  profiler  and  (b)  a  404-MHz  proHler,  AFRF  tite,  WSMR,  1200  to  2400  MST, 
17  June  1992  (l*h  arorages). 
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Figure  21.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MEb  profiler  at  AHtF  tite  and  (b)  a  WF-100  radar  at  Oatis  site,  WSMR, 
1300  to  1900  MST,  18  June  1992  (ISnoiin  armiges  for  the  924  data). 
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Flfim  22.  IHumal  Tariatioii  of  (o)  wind  qieed  and  (b)  wind  directiim  as  measured  with 
a924>M]bpndilarat  120  m  AGL  (AfRF  dte)  and  tower^mounted  anemometers  at  SK),  120, 
and  ISO  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  18  June  1992  (15-min  ayerages). 
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18  June  1992 
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f%iiie  23.  Yotical  proflles  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MEb  profDa’  and  (b)  a  sodar,  AFRF  WSMR,  0000  to  1200  MST,  18  June  1992 
(ISmin  avcrafes). 
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F^pire  24.  Vertica]  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  18  June  1992 
(ISmin  averases). 
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(b) 

Figure  25.  Votical  proflles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
S^MHz  inrofiler  and  (b)  a  404-MHz  protiler,  AFRF  site,  WSMR,  0000  to  1200  MST, 
18  June  1992  (l-h  averages). 
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16  June  1992 
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Figure  26.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MHz  prorder,  AFRF  site,  WSMR,  1200  to  2400  MST, 
18  June  1992  (1-h  averages). 
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(b) 

FigiiTe  27.  Votical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
S124-MHZ  profiler  at  AFRF  siU  and  (b)  a  WF>100  radar  at  Oasis  site,  WSMR, 
0(00  to  1200  MST,  24  June  1991  (15-niin  ayerages  for  the  924  data). 


68 


25 


Hours  (MST) 

(b) 

F^Sure  28.  Dinnial  variatioii  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a924-MHzprofitoratl20m  AGL(AntFsite)  and  tower-mounted  anemomrters  at  90, 120, 
and  150  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  24  June  1992  (15-min  averages). 
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Figure  29.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  24  June  1992 
(15-inin  ayerages). 
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Figure  30.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
SK24-MHZ  profiler  and  (b)  a  sodar,  AP]^  site,  WSMR,  1200  to  2400  MST,  24  June  1992 
(15-min  averages). 
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Figure  31.  Vertical  profiles  of  wind  speed  and  wind  Erection,  as  measured  with  (a)  a 
924-MH7  profiler  and  (b)  a  404-MHz  profiler,  AFRF  site,  WSMR,  0000  to  1200  MST, 
24  June  1SK12  (1-h  averages). 
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F^ure  32.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MHz  profUer,  AFRF  site,  WSMR,  1200  to  2400  MST, 
24  June  19S^  (1-h  averages). 
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25  June  1992 
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Fisure  33.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  at  AFRF  site  and  0))  a  WF-100  radar  at  Oasis  site,  WSMR, 
1300  to  ISHM)  MST,  25  June  1S>92  (15-niin  aymsges  for  the  92A  data). 
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Figure  34.  Diurnal  Tariation  of  (a)  wind  speed  and  (b)  wind  direcUon  as  measured  with 
a  oia-mitt  profiler  at  120  m  AGL  (AFRF  site)  and  tower-mounted  anomnneters  at  90, 120, 
and  150  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  25  June  1952  (15-min  averages). 
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Figiire  35.  Vertical  inxrfiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR,  0000  to  1200  MST,  25  June  1992 
(15Hnin  ayorages). 
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Figure  36.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profder  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  25  June  1992 
(15-niin  averages). 
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F^re  37.  Vertkal  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
S124-MHZ  profna*  and  (b)  a  404-MHz  proHler,  AFRF  site,  WS^fR,  0000  to  1200 
25  June  ^992  (l-h  avorages). 
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Figure  38.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
S24-MHZ  profiler  and  (b)  a  404-MHz  profiler,  APRF  site,  WSMR,  1200  to  2400  MST, 
25  June  1992  (1-h  averages). 
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Figure  39.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MBb  profiler  at  AFRF  site  and  (b)  a  WF-lOO  radar  at  Oasis  site,  WSMR, 
0000  to  0600  MST,  1  July  1992  (15-min  averages  for  the  924  data). 
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Figure  40.  Veitkal  profiles  of  wind  speed  and  wind  du'ection,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  1  July  1992 
(IS-min  averages). 
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Figure  41.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  1  July  1992 
(15>min  averages). 
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Figure  42.  Vertical  profiles  of  sind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profUer  at  APRF  site  and  (b)  a  WF-100  radar  at  Oasis  site,  WSMR, 
0200  to  0800  MST,  2  July  1902  (15-niin  averages  for  the  924  data). 
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F^re  43.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR,  0000  to  1200  MST,  2  July  1992 
(15-iiiin  averases). 
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Figure  44.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
S^24-MHz  profiler  and  (b)  a  sodar,  APRF  site,  WSMR,  1200  to  2400  MST,  2  July  1992 
(15-min  averages). 
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nsure  45.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924>MHz  proffler  at  AFRF  site  and  (b)  a  WF-100  radar  at  Oasis  site,  WSMR, 
1200  to  1800  MST,  8  July  1991  (15-min  averages  for  the  914  data). 
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Figure  46.  Vertical  profiles  of  wiod  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  pri^Filer  and  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  8  July  1992 
(ISHnin  averages). 
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F^pire  47.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  witii  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  she,  WSMR,  1200  to  2400  MST,  8  July  1992 
(IS-min  averafes). 
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Figiire  48.  Vertical  fvoUles  ct  wind  qieed  and  wind  direction,  as  measured  with  (a)  a 
924-MBz  imofiler  at  AIKF  site  and  (b)  a  WF-100  radar  at  Oasis  WSMR, 
1400  to  2000  hCT,  9  July  1992  (15-min  amages  fw  the  924  data). 


92 


>24  9  July  1992 

K^JMu.V.'k-V.k 


1 

0800  1 

(a) 

Sodor 

KVs,. 

^  j  j  Nk!<VjC4iO>-><^'v 


0000 


0400 


0800 


1200 


Hours  (MST) 

(b) 

npDe  49.  Vertical  profiles  of  wind  spesd  and  wind  direction,  as  measured  with  (a)  a 
924-MHs  profiler  and  Q>)  a  sodar,  AFRi  s^httf  WSMR,  0000  to  1200  MST,  9  July  1992 
(IS-odn  aren^). 
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Flgiire  50.  Vertical  iMi^les  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
024>MHa  profiler  and  (b)  a  sodar,  AFRF  sHe,  WSMR,  1200  to  2400  MST,  9  July  1992 
(15-min  aTorages). 
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FSgore  51.  Vertical  fvofiles  of  wind  qieed  and  wind  direction,  as  measured  with  (a)  a 
924rMBz  profiler  at  AFRF  site  and  (b)  a  WF-100  radar  at  Oasis  WSMR, 
1400  to  2000  MST,  18  August  1992  (ISnnin  arerages  feur  the  924  data). 
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FlgBre  52.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-hfHz  profiler  and  (b)  a  404-MlIz  profiler,  AFRF  she,  WSMR,  0000  to  1200  MST, 
IS  Almost  1992  (1-h  arerafes). 
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Vertical  proflles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  at  AFRF  site  and  (b)  a  WF-100  radar  at  Oasis  site,  WSMR, 
1400  to  2000  MST,  19  August  1992  (15-niin  averages  for  the  924  data). 
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Figure  55.  Dhimal  variation  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  924-MHz  profller  at  120  m  AGL  (APRF  site)  and  tower-mounted  anemometers  at  SK),  120, 
and  150  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  19  August  1992  (15-min  averages). 
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Figure  56.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924>MHz  profller  and  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  19  August  1992 
(IS-min  averages). 
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Figure  57.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profller  and  (b)  a  sodar,  APRF  site,  WSMR,  1200  to  2400  MST,  19  August  1992 
(IS-min  averages). 
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Figure  58.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MIlz  profiler,  APRF  site,  WSMR,  0000  to  1200  MST, 
19  August  1S192  (l>h  averages). 
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Fifure  59.  Vertical  pn^les  oi  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  inrofller  and  (b)  a  404-MHz  profiler,  AFRF  site,  WSMR,  1200  to  2400  MST, 
19  Aufust  1992  (l>h  averages). 
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Flcnre  60.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
ik24-MHz  profiler  at  ATRF  tite  and  (b)  a  WF-100  radar  at  Oatis  tite,  WSMR, 
1400  to  2000  MST,  20  August  lSi92  (15-niin  arorages  for  the  924  data). 
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FlBure  61,  IHumal  ▼ariatkn  of  (a)  wind  qieed  and  (b)  wind  direction  as  measured  wWi 
a  924-MHzprofila’ at  120  m  AGL(AFRFdte)  and  tower^nounted  anemometers  at  90, 120, 
and  ISO  m  AGL  (LC-35),  WSMR,  0000  to  2400  MST,  20  August  1992  (15-min  ayerages). 
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Figure  82.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
f24-MBcprofllerand  (b)asodar,  AFRF^,  WSMR,  0000  to  1200  MST,  20  August 
(ISmdn  averages). 
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Fifiire  53.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHs  profiler  and  (b)  a  sodar,  AFRF  sHe,  WSMR,  1200  to  2400  MST,  20  August  1992 
(15-min  armages). 
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Figure  64.  Votical  fnrofiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MHz  proHier,  AFRF  site,  WSMR,  0000  to  1200  MST, 
20  August  1992  (l*h  averages). 
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Figure  65*  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  iNTofiler  and  (b)  a  404>MHz  proHler,  AFRF  site,  WSMR,  1200  to  2400  MST, 
20  August  1992  (1-h  averages). 
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Ffffore  66,  Vertkal  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  at  AFRF  site  and  (b)  a  WF-100  radar  at  Oasis  site,  WSMR, 
1400  to  2000  MST,  21  August  1992  (15*min  ayerages  for  the  924  data). 
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F^ure  <S7.  Diunial  yariation  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  Sk24-MHz  profiler  at  120  m  AGL  (AFRF  site)  and  tower-mounted  anemometers  at  90, 120, 
and  150  m  AGL  (LC-35),  WSMR,  0000  to  2^  MST,  21  August  1992  (IS-min  averages). 
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Figure  68.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-Ml^  profiler  aud  (b)  a  sodar,  AFRF  site,  WSMR,  0000  to  1200  MST,  21  August  1992 
(15*niin  avoages). 
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Figure  69.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  21  August  1992 
(ISHuin  averages). 
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Ficure  70.  Vertical  profOes  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MHz  prorder,  AFRF  site,  WSMR,  0000  to  1200  MST, 
21  August  15192  (1-h  averages). 
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F^re  71.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  404-MHz  proFiler,  XPBF  site,  WSMR,  1200  to  2400  MST, 
21  August  1992  (l>h  averages). 
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figure  72.  Vertical  profiles  of  frind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  iffofiier  at  AFRF  dte  and  (b)  a  WF>100  radar  at  Oasis  site,  WSMR, 
1300  to  liNX)  MST,  24  August  15192  (15-min  averages  for  the  5124  data). 
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Flgnc  73.  INoraal  variation  of  (a)  wind  speed  and  (b)  wind  ifirection  as  measured  with 
a  924'Mlbpitiflkr  at  120  mAGL(AIKF^)  and  tower-mounted  anemometers  at  90, 120, 
and  laO  m  AGL  (LC-39,  WSMR,  0000  to  2400  MST,  24  August  1992  (15-min  averages). 
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Figure  74.  Vertical  fnroflles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
f24-MHz  profiler  and  (b)  a  sodar,  AFRF  WSMR,  0000  to  1200  MST,  24  August  1992 
(ISHBiin  arerages). 
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Figim  75.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  24  August  1992 
(ISnidn  arerages). 
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Fifim  76.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
WtKBa.  profiler  and  (b)  a  404-MHz  profller,  AFRF  site,  WSMR,  0000  to  1200  MST, 
24  Angnst  1992  (1-h  aTerages). 
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Hgnre  77.  Vertical  lairflies  wbid  speed  and  wbid  direction,  as  measured 
924MHz  profiler  and  (b)  a  404MHz  profUer,  AFRF  site,  WSMR,  1200  to  : 
24  Anst  1992  (14i  arerafes). 
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Fiptre  78.  Vertical  profiles  of  wind  speed  and  wind  directifni,  as  measured  with  (a)  a 
924>MHe  ipndller  at  AIltF  dte  and  (b)  a  WF-100  radar  at  Oa^  site,  WSMR, 
1500  to  1900  MST,  25  August  1992  (IS^nin  arorages  for  die  924  data). 
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FlBDre  79.  Diumal  yariatioii  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  924>MBcpndiler  at  120  mAGL(AFRF  site)  and  tower-mounted  anemometers  at  90, 120, 
and  ISO  m  AGL  CLC-35),  WSMR,  0000  to  2M0  MST,  25  August  1992  (IS-min  ayoages). 
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Figure  80.  Vertical  profiles  of  wind  speed  and  wind  directi<m,  as  measured  with  (a)  a 
924-MHz  profiler  and  (b)  a  sodar,  AFRFsite,  WSMR,  0000  to  1200  MST,  25  August  1992 
(ISHDoin  arerages). 
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Figure  81.  Vertical  {UDfiles  of  wind  speed  and  wind  direction^  as  measured  with  (a)  a 
924-MEb  profiler  and  (b)  a  sodar,  AFRF  site,  WSMR,  1200  to  2400  MST,  25  August  1992 
(IS-min  averages). 
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F^re  82.  Vertical  profQes  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
Si24-MHz  profiler  and  (b)  a  404-MHz  proHler,  AFRF  site,  WSMR,  0000  to  1200  MST, 
25  August  V991  (1-h  averages). 
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F^nre  83.  Vertical  profiles  of  wind  speed  and  wind  direction,  as  measured  with  (a)  a 
9Z4-MHz  profiler  and  (b)  a  404-MHz  profiler,  AFRF  site,  WSMR,  1200  to  2400  MST, 
25  August  1992  (1-h  averages). 
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Table  8.  Statistical  summary  of  924-MHz  wind  profller  wind  speed  comparisons  for  the 
periods  of  WF-100  data  acquisition  on  17-18  and  24-25  June  1992 


Statistic 

17  June 

18  June 

24  June 

25  June 

924  vs.  WF-100 

Prob  > 

t 

:U 

0.0008 

0.0001 

0.0001 

0.0066 

Prob  > 

t 

:  V 

0.0136 

0.0001 

0.0001 

0.9992 

Prob  > 

t 

:  S 

0.0001 

0.0003 

0.0001 

0.0001 

p:U 

0.796 

0.529 

0.746 

0.488 

p:  V 

0.642 

0.552 

0.802 

0.317 

p:  S 

0.450 

0.438 

0.784 

0.609 

root  MSE 

2.92 

2.20 

2.67 

2.19 

E[X934  -  Xwp] 

3.42 

0.97 

3.78 

1.60 

924  vs.  Tower 


Prob  > 

t 

:  U 

0.0118 

0.0008 

0.8218 

0.8194 

Prob  > 

t 

:  V 

0.0052 

0.5822 

0.3748 

0.1526 

Prob  > 

t 

:  S 

0.0001 

0.0079 

0.0008 

0.0001 

p:  U 

0.321 

0.911 

0.892 

0.578 

p:  V 

0.683 

0.669 

0.915 

0.973 

p:  S 

0.473 

0.774 

0.784 

0.931 

root  MSE 

1.47 

1.76 

0.87 

1.26 

E[Xj34  -  Xxo] 

2.83 

1.14 

0.99 

1.96 

924  vs.  Sodar 


Prob  > 

t 

:U 

0.0001 

0.0002 

0.1107 

0.0201 

Prob  > 

t 

:  V 

0.0001 

0.0019 

0.9790 

0.0066 

Prob  > 

t 

:  S 

0.0001 

0.0001 

0.7850 

0.0001 

p:  U 

0.228 

0.655 

0.786 

0.543 

p:  V 

0.885 

0.674 

-0.074 

0.941 

p:  S 

0.656 

0.570 

0.386 

0.901 

root  MSE 

0.97 

2.33 

1.67 

1.24 

E[*924  ■  *so] 

1.64 

1.98 

0.16 

1.95 
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Table  8.  Statirtkal  summary  of  924-MHz  wind  profiler  wind  speed  comparisons  for  the 
poiods  of  WF-100  data  acquisition  on  17-18  and  24-25  June  1992  (continued) 


Statistic 

17  June 

18  June 

24  June 

25  June 

924  vs.  404 

Prob  > 

t 

:  U 

O.OOQS 

0.2383 

0.0001 

0.0001 

Prob  > 

t 

:  V 

0.0004 

0.0001 

0.0001 

0.5191 

Prob  > 

t 

:  S 

0.0001 

0.0017 

0.0001 

0.0001 

p:U 

0.948 

0.226 

0.934 

0.777 

/>:  V 

0.925 

0.238 

0.898 

0.282 

p:  S 

0.930 

0.026 

0.935 

0.621 

rootMSE 

1.18 

1.89 

1.09 

2.33 

Efxjj*  -  X40J 

1.49 

1.90 

.  1.75 

1.74 

Table  9.  Statistical  summai^  of  S124-MHz  wind  profiler  wind  speed  comparisons  for  the 
poiods  WF-100  data  acqui^on  on  1-2  and  8-9  July  1992 


Statistic 

1  Jul 

2  Jul 

8  Jul 

9  Jul 

924  vs.  WF-100 

Prob  > 

t 

:U 

0.0061 

0.0001 

0.0013 

0.0161 

Prob  > 

t 

:  V 

0.0001 

0.0009 

0.6061 

0.0234 

Prob  > 

t 

:  S 

0.5967 

0.0001 

0.0001 

0.0028 

p:  U 

0.407 

0.563 

0.182 

0.248 

p:  V 

0.831 

0.601 

0.243 

0.069 

p:  S 

0.665 

0.557 

0.348 

-0.15 

root  MSE 

2.15 

3.91 

2.29 

5.64 

E  [Xj24  ■  *wf] 

0.16 

5.26 

2.24 

3.03 
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TaUe  9.  Statistkal  sommary  S^MHz  wind  proHler  wind  speed  comparisons  for  the 
periods  of  WF-100  data  acqui^ion  on  1-2  and  8>9  July  1992  (continued) 


Statistic 

1  Jul 

2  Jul 

8  Jul 

9  Jul 

924  vs.  Tower 

Piob  > 

t 

:U 

NA 

NA 

NA 

NA 

Prob  > 

t 

:  V 

NA 

NA 

NA 

NA 

Pidb  > 

t 

:  S 

NA 

NA 

NA 

NA 

p:  U 

NA 

NA 

NA 

NA 

p:  V 

NA 

NA 

NA 

NA 

p:  S 

NA 

NA 

NA 

NA 

rootMSE 

NA 

NA 

NA 

NA 

E[X)j|4  -  Xxq] 

NA 

NA 

NA 

NA 

924  vs.  Sodar 

Prob  > 

t 

:  U 

0.0004 

0.0001 

0.0110 

0.6769 

Prbb  > 

t 

:  V 

0.0050 

0.0001 

0.9755 

0.4415 

Prob  > 

t 

:  S 

0.0002 

0.0001 

0.0005 

0.0004 

p:  U 

-0.668 

0.638 

0.031 

0.949 

p:  V 

0.363 

0.613 

0.784 

0.899 

p:  S 

0.677 

0.638 

0.461 

0.731 

rootMSE 

1.20 

0.71 

2.31 

1.57 

E[x,a«-Xaol 

1,30 

1.72 

1.94 

2.01 

924  vs.  404 

Prob  > 

t 

:U 

NA 

NA 

NA 

NA 

Prob  > 

t 

:  V 

NA 

NA 

NA 

NA 

Prob  > 

t 

:S 

NA 

NA 

NA 

NA 

p:  U 

NA 

NA 

NA 

NA 

p:  V 

NA 

NA 

NA 

NA 

p:  S 

NA 

NA 

NA 

NA 

root  MSE 

NA 

NA 

NA 

NA 

E[X9J4  -  X40(] 

NA 

NA 

NA 

NA 
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TUUelO.  Statistical  summary  of 924-MHz  wind  profiler  wind  speed  comparisons  for  the 
periods  WF>100  data  acquisition  on  18-21  August  1992 

• 

Statistic 

18  Aug 

19  Aug 

20  Aug 

21  Aug 

924  vs.  WF-100 

Prob  > 

t 

:U 

0.2983 

0.0001 

0.0001 

0.0001 

Prob  > 

t 

:  V 

0.2790 

0.0001 

0.0001 

0.0001 

Prob  > 

t 

:  S 

O.OOIS 

0.0001 

0.0001 

0.0001 

p:V 

0.836 

0.269 

-0.602 

0.239 

p:  V 

0.758 

0.605 

0.481 

0.513 

p:  S 

0.784 

0.269 

-0.038 

0.163 

root  MSP 

2.12 

2.27 

1.59 

1.39 

ECXjM  -  Xyp] 

0.62 

-2.44 

-2.97 

-2.37 

924  vs.  Tower 

Prob  > 

t 

:  U 

NA 

0.5344 

0.0338 

0.8636 

Prob  > 

t 

:  V 

NA 

0.7019 

0.0067 

0.2567 

Prob  > 

t 

:  S 

NA 

0.2874 

0.0199 

0.0224 

p:U 

NA 

0.975 

0.244 

0.782 

p:  V 

NA 

0.790 

0.150 

0.927 

p:  S 

NA 

0.970 

-0.055 

0.947 

root  MSE 

NA 

1.19 

0.61 

0.66 

E(Xjj4  -  XtcJ 

NA 

0.60 

-0.75 

0.54 

924  vs.  Sodar 

Prob  > 

t 

:  U 

NA 

0.7591 

0.1425 

0.0103 

Prob  > 

t 

:  V 

NA 

0.7131 

0.0434 

0.5313 

Prob  > 

t 

:  S 

NA 

0.3653 

0.0055 

0.0896 

p:U 

NA 

0.904 

-0.062 

0.056 

p:  V 

NA 

0.451 

0.160 

0.885 

p:  S 

NA 

0.896 

-0.111 

0.237 

root  MSE 

NA 

1.72 

0.50 

1.84 

«» 

E[x«-x«J 

NA 

0.44 

-1.53 

-2.05  1 
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lUblelOi  Stsdsticidsimiiiiuy  of 924-MHz  wind  profiler  wind  speed  comparisoiis  for  the 
periods  WF-100  data  acquisition  on  1S>21  August  1992  (continued) 


Statistic 

18  Aug 

19  Aug 

20  Aug 

21  Aug 

924  vs.  404 

Pidb  > 

t 

;U 

0.3513 

0.5267 

0.5240 

0.0015 

Prob  > 

t 

:  V 

0.0615 

0.5924 

0.2492 

0.0336 

Prob  > 

t 

:  S 

0.0170 

0.7080 

0.0001 

0.0259 

p:  U 

0.693 

0.695 

0.885 

0.564 

p:  V 

0.902 

0.844 

0.739 

0.611 

p:  S 

0.769 

0.731 

0.417 

0.588 

root  MSB 

1.87 

1.58 

0.95 

0.92 

£[xn«- Vm] 

0.90 

-0.12 

0.99 

0.50 

Table  11.  Statistical  sununary  of  924-MHz  wind 
profiler  wind  speed  comparisons  for  the  periods  of 
WF-100  data  acquisitimi  on  24  and  25  August  19!Q 

Statistic  24  Aug  25  Aug 


924  vs.  WF-100 


Prob  > 

t 

:  U 

0.0001 

0.0001 

Prob  > 

t 

:  V 

0.0001 

0.0001 

Prob  > 

t 

:  S 

0.0001 

0.0001 

p:  U 

-0.629 

0.425 

p:  V 

-0.389 

-0.436 

p:  S 

0.509 

0.330 

rootMSE 

1.80 

1.35 

E[X924  ”  Xwf] 

2.39 

-2.20 
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Table  11.  ^tistical  sunmiary  of  924-MHz  wind 
pntfUor  wind  speed  comparisons  for  the  periods  of 
WF-100  data  acquidtion  on  24  and  25  August  19S^ 
(cmitinued) 


Statistic 

24  Aug 

25  Aug 

924  vs.  Tower 

Prob  > 

t 

:  U 

0.0010 

0.9192 

Prob  > 

t 

:  V 

0.9310 

0.0411 

Prob  > 

t 

:  S 

0.0006 

0.0863 

p:  U 

0.539 

0.615 

p:  V 

0.646 

-0.317 

p:  S 

0.559 

0.558 

root  MSE 

1.14 

0.95 

E[x»i4  -  x-rJ 

1.82 

0.99 

924  vs.  Sodar 

Prob  > 

t 

:U 

0.1276 

0.0061 

Prob  > 

t 

:  V 

0.0087 

0.9542 

Prob  > 

t 

:S 

0.0647 

0.0220 

p:  U 

0.348 

-0.167 

p:  V 

0.787 

0.445 

p:  S 

0.371 

0.001 

root  MSE 

2.42 

1.05 

■  XscJ 

1.16 

1.04 

924  vs.  404 

Prob  > 

t 

:U 

0.0002 

0.8453 

Prob  > 

t 

:  V 

0.0111 

0.3396 

Prob  > 

t 

:  S 

0.0001 

0.0005 

p:  U 

-0.073 

0.357 

p:  V 

0.315 

0.830 

p:  S 

-0.056 

0.579 

root  MSE 

1.15 

1.01 

E(x„4-3C4oJ 

2.23 

0.81 
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lU>le  12k  Compodte  statistical  sumnuiry  of  924-MHz  wind  profiler  wind  speed 
conparisMis  fw  the  poriods  of  WF-lOO  data  acquldtitm 


Statistic 

924  vs.  WF-100 

924  vs.  Tower 

924  vs.  Sodar 

924  vs.  404 

Prob  > 

t 

:  U 

0.0001 

0.0373 

0.2222 

0.0001 

Piob  > 

t 

:  V 

0.0001 

0.2285 

0.7385 

0.1869 

Prob  > 

t 

:S 

0.0001 

0.0001 

0.0001 

0.0001 

p:U 

0.618 

0.934 

0.785 

0.872 

p:  V 

0.502 

0.915 

0.901 

0.827 

p:S 

0.524 

0.869 

0.643 

0.787 

root  MSB 

3.77 

1.58 

2.29 

2.29 

0.47 

1.25 

1.15 

1.32 

95%  C.  I. 

0.25,  0.69 

0.95,  1.55 

0.88,  1.43 

1.06,  1.58 

3.3.2. 6  24-25  August  1992. -On  24  and  25  August,  south  central  New  Mexico  was 
again  under  the  influence  of  weak  monsoonal  flow  from  the  Gulf  of 
Mexico.  Dewpdnts  were  generally  in  the  S0*s  although  dewpoints  as  high 
as  64  ”F  were  recorded  at  Oasis  before  sunrise  on  24  August.  Convective 
activity  was  limited  to  scattered  cumulus  clouds  on  24  August.  The 
convective  activity  was  a  little  more  intense  on  25  August  with 
cumulonimbus  clo^s  and  rain  showers  in  the  vicinity  of  Oasis. 

3,3.3  Surface  to  600  m  AGL  0t24,  tower,  sodar) 

Additional  information  on  the  quality  of  the  924-MHz  wind  data  within  the 
first  600  m  AGL  was  provided  by  comparison  of  the  924-MHz  data  with 
data  from  the  tower>mounted  anemometers  and  the  sodar  over  more 
extended  periods  of  time  tiian  those  represented  by  the  comparisons  during 
the  WF-100  periods. 

15  April,  selected  to  exemplify  additional  comparisons,  was  one  of  the  23 
days  involved  in  the  924-MHz/rawinsonde  comparison.  Because  of  the 
proximity  of  the  two  profilers  and  the  tower-mounted  anemometers,  the 
criterion  of  a  uniform  wind  field  was  not  as  important  in  this  case. 
However,  the  wind  field  up  to  600  m  AGL  was  reasonably  uniform,  the 
data  sets  from  all  three  systems  were  nearly  complete  and  ^e  atmosphere 
was  convectively  quiet  thr<Hi^out  the  24-h  period. 

The  diurnal  variations  are  shown  in  figures  84  through  90. 
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Direction  (dag) 


(a) 


Hours  (MST) 

ngart  84.  Diumal  ▼ariatioo  oi  (a)  wind  speed  and  (b)  wind  ^recUtm  as  iiMugired  with 
a924-MHbcprafllerat  120ni  A6L  (AfKFsite)  and  towernnounted  anemometers  at  90, 120, 
and  150  m  A6L  <LC-35),  WSMR,  0000  to  2400  MST,  15  April  1992  (30-min  aTerages). 


Hours  (MST) 

(b) 

Wigaatt  15.  Dioniai  ^iritUon  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  witti 
tower  mounted  ■nemmrtfrr  at  40  and  50  m  A6L  (L035)  and  a  sodar  at  50  m  AGL 
(ARF  die),  W8MR,  0000  to  2400  MST,  15  April  1992  OO^nin  arerafes). 

1 


(o) 


Hours  (MST) 

(b) 

flgiire  86.  Dhnmal  nuiatioii  (a)  wind  speed  and  (b)  wind  direction  as  measured  w^ 
a  924*M]Eb  proffler  at  120  m  AGL  and  a  sodar  at  75,  100, 125,  and  150  m  AGL,  AfRF 
site,  WSMR,  0000  to  2400  MST,  15  April  1992  (30-inin  averaees). 
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§  180 


0000 


0600 


Hours  (MST) 

(b) 

I%iire  S7.  Dfanmal  nurfaitfoii  of  (a)  wind  speed  and  (b)  wind  directkm  as  measured  wbh 
a  924-MB2  profiler  at  218  m  AGL  and  a  sodar  at  17S,  200, 225,  and  250  m  AGL,  AFRF 
site,  WSMR,  0000  to  2400  MST,  15  April  1992  (30-inin  averages). 


15  April  1992 


0000 


0600 


2400 


§  180 


0000 


0600 


Hours  (MST) 

(b) 

Flgiire  88.  Diurnal  Tariatkm  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  924-MKe  luofller  at  317  m  A6L  and  a  s^r  at  275,  300, 325,  and  350  m  AGL,  AFRF 
site,  WSMR,  0000  to  2400  MST,  15  April  1992  (30-inin  averages). 


Dfrectlon  (deg) 


20 


(a) 


Klpnre  89.  IHonud  variitioii  of  (a)  wind  speed  and  (b)  wind  Erection  as  measured  with 
a  f24^f&  profiler  at  416  m  AGL  and  a  sodar  at  375, 400, 425,  and  450  m  AGL,  AFRF 
tke,  WSMR,  0000  to  2400  MST,  15  April  1992  (30-min  averages). 
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Hours  (MST) 

(b) 

Ficiire  90.  Dfairnal  Tariation  of  (a)  wind  speed  and  (b)  wind  direction  as  measured  with 
a  9Z4-MEb  profiler  at  514  m  AGL  and  a  sodar  at  475  and  500  m  AGL,  ATKF  site,  WSMR, 
0000  to  2400  MST,  15  April  1992  (30-min  averages). 
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B.3,4  924-  versus  404-MHz  Wind  Data 


A  more  extensive  statistical  comparison  of  924-  and  404-MHz  wind  data 
was  provided  on  a  monthly  basis  for  March  through  June  and  August. 
Comparisons  for  July  were  not  available  because  the  local  archive  tape  of 
the  404-MHz  data  for  July  has  a  parity  error  and  the  NOAA  archive  tape 
is  in  a  format  not  currently  compatible  with  the  local  data  processing 
software. 

The  statistics  are  shown  in  table  13. 


Table  13.  Monthly  statistical  summaries  of  924-  and  404-MHz  wind  speed  comparisons 
during  the  spring  and  summer  of  1992 


Statistic 

March 

April 

May 

June 

August 

Prob  > 

t 

:U 

0.0001 

0.0001 

0.0001 

0.0001 

0.1755 

Prob  > 

t 

;  V 

0.0001 

0.0001 

0.0001 

0.0001 

0.7325 

Prob  > 

t 

:S 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

p:  U 

0.628 

0.836 

0.680 

0.834 

0.867 

p:  V 

0.175 

0.773 

0.579 

0.853 

0.892 

p:  S 

0.742 

0.735 

0.423 

0.756 

0.812 

root  MSE 

3.18 

3.32 

3.21 

2.37 

2.43 

“  *40«] 

1.18 

1.97 

0.82 

1.50 

1.08 

95%  C.  I. 

1.09,  1.28 

1.88,  2.07 

0.65,  0.98 

1.43,  1.58 

0.97,  1.18 

144 


4.  Virtual  Temperature  (RASS) 

May,  et  al.  [3]  show  that  the  root  mean  square  difference  between 
radiosonde  measurements  and  RASS  observations  are  about  1.0  under 
a  variety  of  meteorological  conditions  and  0.2  **C  is  achievable  under  ideal 
conditions.  To  see  if  similar  results  would  be  observed  with  the  RASS 
system  at  APRF,  RASS  virtual  temperature  data  were  compared  with 
virtual  temperature  data  computed  from  the  air  temperature  and  moisture 
data  obtained  with  radiosondes  released  from  Oasis.  The  radiosonde  runs 
selected  for  comparison  were  limited  to  those  runs  used  for  the  rawinsonde 
versus  924-MHz  comparisons.  However,  because  the  RASS  system  did  not 
become  qwrational  until  2  April,  only  the  19  radiosonde  runs  beginning  on 
2  April  were  included  in  the  comparison. 

In  contrast  tp  the  wind  data  from  the  radiosondes  released  from  Oasis,  the 
temperature  data  are  continumis  from  the  surface  to  balloon  burst. 
Moisture  data  (relative  humidity)  obtained  with  the  air  temperature  data 
were  used  to  convert  the  radiosonde  air  temperature  data  to  virtual 
temperature. 

The  924-MHz  profiler  reports  RASS  data  to  a  maximum  height  of  1284  m 
AGL.  Data  from  the  higher  range  gates  are  often  missing  or  discontinuous 
because  of  lower  signal  return. 

For  statistical  comparisons  of  the  data,  the  samples  were  temporally  and 
spatially  paired  as  close  as  possible.  The  RASS  data  are  reported  as  3-  or 
S-min  averages  for  each  gate,  while  radiosonde  air  temperature  and 
moisture  data  are  reported  every  10  s  as  the  balloon  rises.  This  mal%s 
pairing  the  data  for  statistical  analysis  challenging  and  imperfect.  RASS 
data  are  paired  temporally  with  the  radiosonde  data  by  selecting  the 
averaging  period  that  most  overlaps  the  radiosonde  flight  during  the  first 
13(X}  m  of  the  flight.  RASS  data  are  reported  as  6-min  averages  before 
5  June  1992  and  as  3-min  averages  after  that  date. 

Radiosonde  data  were  matched  to  RASS  data  with  respect  to  gate  height. 
Radiosonde  temperature  readings  reported  within  the  upper  and  lower 
boundaries  of  a  RASS  gate  were  averaged  and  paired  with  the  RASS 
temperatures  from  the  same  gate. 


145 


Paired  temperature  readings  where  the  corresponding  difference  in  wind 
speed  exceeded  10  m/s  were  eliminated  before  the  data  were  subjected  to 
statistical  evaluation.  Few  data  points  were  eliminated  with  this  quality 
control,  and  those  that  were  eliminated  were  the  highest  reported  RASS 
temperature  values.  Vertical  profiles  of  the  virtual  temperature,  virtual 
tenq)erature  diffmences,  and  regression  line  from  the  19  radiosonde  runs 
and  the  corresponding  924-MHz  RASS  data  are  shown  in  figures  91  to  108. 

The  root  MSB,  the  Pearson  product-moment  (correlation)  coefficient,  the 
regression  slope  and  y  intercept,  and  the  paired  Student’s  t>test  probability 
were  determined  for  each  of  die  19  periods  using  paired  values  from  each 
gate  as  repeated  samples. 

A  summary  of  the  comparison  statistics  is  shown  in  table  14. 


Temperature  Profiles  02  April  1 992  QC:  ellmlnote  paired  somples  with 

absolute  difference  >10  dea  C 


(|6o  ui)  tpinRiv 


Figure  91.  Ccmiparison  of  Tirtual  temperatures  based  on  RASS  (AFRF  dte)  and  radiosonde  (Oasb  site)  data 
during  apparentiy  uniform  wind  Held  con^ons,  WSMR,  2  April  1992:  (a)  ecxtical  rirtual  temperature  profiles, 
(b)  vertirol  temperature  difference  profiles,  and  (c)  regrmsion  line.  RASS'data  represent  a  <^-mln  aTerage  from 
0200  to  0206  N^T,  and  the  radiosonde  was  releiued  at  0158  MST. 


Temperature  Profiles  07  April  1992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Figure  92.  Comparison  of  virtual  temperatures  based  on  RASS  (AFRF  site)  and  radiosonde  (Oasis  site)  data 
during  apparently  uniform  wind  Add  condltimis,  WSMR,  7  April  1992:  (a)  vertical  virtual  temperature  profiles, 
(b)  vertical  temperature  difference  profiles,  and  (c)  regrmsl<m  line.  RASS  data  represent  a  6-iidn  average  from 
0700  to  0706  MST,  and  the  radiosonde  was  rdeined  at  0657  MST. 


Temperature  Profiles  12  April  1992  QC:  ellmlnote  paired  samples  with 

absolute  difference  >10  deg  C 


Tamperoturo  Profiiaa  15  April  1992  QC:  elfminota  paired  samples  with 

absolute  d;  ence  >10  deg  C 
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0700  to  0706  MST,  and  the  ni( 


Temperature  Profiles  22  April  1992  QC:  eliminate  paired  samples  % 

absolute  difference  >  .10  deg  C 


Temperature  Profiles  30  April  1992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Figure  96.  Comparison  of  virtual  temperatures  based  on  RASS  (APRF  dte)  and  radloaoiide  (On 
during  apparently  uniform  wind  field  conditions,  WSMR,  30  April  1992:  (a)  vertical  virtual  temperati 
(b)  vertical  temperature  difference  profiles,  and  (c)  r^resslon  line.  RASS  data  represent  a  dHuin  v 
0100  to  0106  MST,  and  tbe  radiosonde  wn  rdened  at  00S7  M5T. 


Temperature  Profiies  19  May  1992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 


(ite  ui)  •prqniy 


Temperature  Profiles  27  May  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >  10  deg  C 
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Temperature  Profiles  03  June  1 992  QC:  eliminote  paired  samples  with 

absolute  difference  >10  deg  C 


(|6d  uj)  •pn)iw 


Temperature  Profiles  10  June  1992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 


l; 

i. 
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Virtual  Tomparotura  (C)  Virtuol  Tomporatura  Rowinaonda  (C) 

Figure  100.  Comparison  of  ▼Irtual  temperatures  based  on  RASS  (AFRF  site)  and  radiosoncfe  (Oasis  site)  data 
during  apparently  uniform  wind  field  conditions,  WSMR,  10  June  1992:  (a)  vertical  virtual  tempmiture  profiles, 
(b)  vertiral  temperature  difference  profiles,  and  (c)  regression  line.  RA^  data  represent  a  3^nin  average  from 
0200  to  0203  MST,  and  the  radiosonde  was  released  at  01S6  MST. 


Temperature  Profiles  1 9  June  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Temperature  Profiles  01  July  1992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Temperature  Profiles  02  July  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Figure  103.  Comparison  of  virtual  temperatures  based  on  RASS  (APRF  site)  and  radiosonde  (Oasis  site)  data 
during  apparently  uniform  wind  field  conditions,  WSMR,  2  July  1902:  (a)  vertical  virtual  temperature  profiles, 
(b)  vertical  temperature  difference  profiles,  and  (c)  regression  line.  RASS  data  represent  a  3>niin  average  from 
0630  to  0633  MST.  and  the  radiosonde  was  released  at  0630  MST. 


Temperature  Profiles  09  July  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Temperature  Profiles  24  July  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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Temperature  Profiles  1 2  August  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 


162 


(|to  ui)  •pnwiv 


Temperature  Profiles  1 3  August  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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^  Temperature  Profiles  24  August  1 992  QC:  eliminate  paired  samples  with 

absolute  difference  >10  deg  C 
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lUrie  14i  Statisticsl  summary  ^  924-MHz  profiler  RASS  and  radiosonde  tempnature 
data  comparfsmis  fu*  uniform  wind  field  days 

• 

Dote 

(1992) 

Time 

(MST) 

Root 

MSE 

/>• 

m‘ 

b* 

Prob  >  1 t| 

2  Apr 

01S8 

0.16 

0.97 

0.51 

8.82 

0.0002 

• 

7 

0657 

0.59 

0.71 

0.25 

11.91 

0.0438 

12  Apr 

1133 

2.03 

0.91 

1.52 

-9.17 

0.3100 

15  Apr 

0700 

0.32 

0.93 

0.63 

6.32 

0.1484 

22  Apr 

0730 

1.83 

0.48 

0.38 

11.20 

0.2959 

30  Apr 

0057 

0.49 

0.62 

0.29 

17.67 

0.0054 

19  May 

1258 

0.58 

0.96 

0.55 

11.90 

0.0101 

27  May 

1255 

0.41 

0.98 

0.61 

8.26 

0.6526 

3  June 

1056 

1,53 

0.97 

1.41 

-10.40 

0.8953 

10  June 

0156 

0.32 

0.96 

1.00 

0.26 

0.1680 

19  June 

0006 

0.86 

0.96 

3.78 

-81.40 

0.8654 

30  June 

1257 

0,14 

0.99 

0.25 

24.27 

0.4552 

1  July 

0706 

0.96 

0.45 

0.26 

20.11 

0.0278 

2  July 

0630 

0.85 

0.91 

1.06 

-0.20 

0.0116 

9  July 

0655 

0.45 

0.98 

1.03 

0.94 

0.0001 

24  July 

0659 

0.36 

0.97 

1.07 

0.75 

0.0001 

12  Aug 

0655 

1.08 

0.53 

0.42 

12.65 

0.0001 

13  Aug 

0700 

0.30 

0.87 

0.40 

13.54 

0.0004 

24  Aug 

0529 

0.07 

0.89 

1.06 

0.53 

0.0001 

Composite 

1.62 

0.93 

0.83 

4.89 

0.0001 

^ComlatioB  eoefficMot 

*Skipe  of  wgreiiioB  line 

V  iotncept  regreaoon  line 
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5.  Discussion 


n^se  data  sets  are  not  intended  to  be  randomly  representative  of  the  data 
sets  for  the  24  March  to  26  August  1992  period.  Therefore,  generalizations 
based  on  this  data  set  should  not  be  presented  without  adequate  caveats  as 
to  how  the  data  were  selected  with  regard  to  meteorological  and 
instrumental  considerations.  The  data  sets  studied  were  checked  for 
normality  of  the  distribution  and  met  the  criterion. 

Direction  statistics  are,  for  the  most  part,  not  specifically  tabulated  because 
of  the  0/360**  problem;  rather  spe^  data  are  present^  as  the  resultant 
speed  (S),  and  the  east-west  (U)  and  north-south  (V)  components.  High, 
positive  correlations  in  U  and  V  imply  a  high  correlation  in  direction. 

5.1  Paired  t-test 

The  results  of  the  paired  t-test  for  the  different  wind  comparison  categories 
are  summarized  in  tables  5, 7,  12,  and  13.  A  major  result  is  that  for  many 
of  the  data  sets  the  significance  level  is  below  the  0.05  significance  level. 
In  some  cases  the  U  components  correlate  much  better  than  the  V 
components  or  vice  versa  with  a  resultant  overall  poor  correlation  in  the 
wind  speed.  These  results  are  an  artifact  of  having  chosen  the  paired  t-test 
that  is  sensitive  to  small  standard  deviations  and  sample  size.  The  results 
of  the  t-test  imply  the  possibility  of  a  constant  (or  dc)  offset  between 
instruments.  An  examination  of  the  tables  indicates  that,  although  there 
may  be  individual  data  sets  in  which,  for  reasons  yet  unkimwn,  the  mean 
difference  between  the  924-MHz  and  another  system  may  be  as  high  as 
6-8  m/s  for  all  the  data  selected,  the  mean  of  the  924-MHz  measurements 
is  within  2  m/s  of  the  mean  of  the  other  systems. 

5.2  Rawinsonde  Comparisons 

The  results  of  the  924-MHz/rawinsonde  comparison  are  tabulated  in 
tables  4  through  7. 

Although  the  wind  fields  were  uniform  based  on  the  924-MHz  profiler  data, 
low  and  negative  correlation  coefficients  (the  latter  identified  by  underlined 
values  in  table  4)  appeared  on  some  days.  The  surface  weather  data  were 
examined  for  evidence  of  convective  activity,  a  factor  that  might  disturb  an 
apparently  uniform  wind  field. 
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The  Hatfl  in  table  4  indicate  that  on  days  when  there  is  a  uniform  wind  field 
and  no  convective  activity  even  the  coefficient  of  determination,  fp‘,  is 
above  0.9  for  speed  or  direction  or  both.  From  table  5  we  see  that  the 
difference  in  means  for  all  data  sets  was  1.8  m/s,  about  equivalent  to  the 
root  MSB  for  regression  of  2.2  m/s. 

5.3  WF-100  Comparisons 

During  the  periods  WF>100  data  were  available,  an  overall  offset  in  wind 
speed  of  about  2  m/s  is  observed,  with  many  individual  data  sets  showing 
regression  offsets  of  upwards  of  5  m/s  or  higher.  As  can  be  seen  in 
table  12,  the  mean  spe^  measured  by  the  924-MHz  is  within  our  ad  hoc 
criteria  of  2  m/s  of  the  mean  speed  measured  by  the  other  systems. 

5.4  Anemometer  and  Sodar  Comparisons 

Figure  84  shows  a  comparison  between  the  wind  speed  and  direction  in  the 
lowest  low-mode  gate  m  that  spans  70  through  169  m  AGL)  of  the 
924-MHz  profiler  and  concurrent,  vectorially  averaged  wind  data  from  the 
top  three  levels  (90,  120,  and  ISO  m  AGL)  of  the  tower.  The  speed  and 
the  direction  agree  reasonably  well,  an  agreement  consistent  throughout  the 
other  data  sets  examined.  The  anomalous  924-MHz  direction  data  at 
0830  MST  is  probably  an  artifact  caused  by  a  profiler  difficulty  in  resolving 
wind  speeds  near  zero. 

Figure  8S  shows  the  comparison  of  the  speed  and  direction  for  the  lowest 
gate  of  the  sodar  (37.5  through  62.5  m  AGL)  with  the  concurrent, 
vectorially  averaged  wind  data  from  the  40  and  50  m  AGL  levels  of  the 
tower  over  the  same  24-h  period.  The  speed  and  direction  agree  quite  well, 
also  typical  of  the  other  data  sets  examined. 

Figures  86  through  90  show  the  comparison  of  the  wind  speed  and  direction 
as  determined  from  924-MHz  and  sodar  profiler  systems  over  the  lowest 
five  range  gates  of  the  924-MHz  system.  The  direction  comparisons  are 
favorable  throughout  the  vertical  extent  of  the  comparison,  but  the  speed 
comparisons  degrade  as  a  function  of  altitude,  and  the  924-MHz  shows  the 
higher  wind  speeds.  The  degradation  with  height  appears  to  be  typical,  and 
present  indications  are  that  the  problem  is  with  the  sodar  data. 


5.5  404-MHz  Profiler  Comparisons 


Comparison  statistics  for  the  924-  and  404-MHz  profiler  (the  staiulard  unit 
of  the  NOAA  profiler  network)  data  are  presented  in  tables  6  through  8  and 
10  through  13.  Comparisons  are  for  the  uniform  wind  field  days  at  the 
rawinsonde  release  times,  for  the  WF-100  release  times,  and  for  the  entire 
months  of  April,  May,  June,  and  August  1992. 

The  results  for  the  uniform  wind  field  days  agree  with  the  results  of  the 
comparison  of  the  924-MHz  profiler  with  the  rawinsonde;  the  overall 
agreement  is  within  2  m/s  and  for  most  days  when  the  924-MHz  versus 
rawinsonde  correlation  coefficients  are  very  high,  the  924-  versus  404-MHz 
correlation  coefficients  are  very  high.  The  924-  and  404-MHz  data  show 
anomalies  during  the  uniform  wind  field  days  when  the  correlations  are 
very  low,  usually  attributable  to  convective  activity.  Additional  research 
should  be  undertidoen  to  understand  the  anomalous  situations. 

The  monthly  statistics  are  not  as  good  as  anticipated  considering  the  two 
profilers  were  essentially  collocated.  Although  the  mean  difference  in 
measured  speeds  over  sil  days  and  heights  was  within  2  m/s,  the  best 
correlation  coefficient  was  only  about  0.8  for  August.  An  analysis  of 
variance  with  respect  to  gate  height  and  time  of  day  might  provide  a  reason 
for  the  poor  correlation  coefficients. 

5.6  Virtual  Temperature  Comparisons 

Although  the  number  of  samples  from  each  day  was  low,  correlation 
coefficients  between  RASS  and  radiosonde  data  were  greater  than  0.90  on 
12  of  the  19  days  and  as  high  as  0.98  on  three  days.  The  few  days  that 
show  low  correlation  between  RASS  and  radiosonde  temperature  data  have 
one  or  two  values  in  the  upper  gates  that  differ  by  as  much  as  6  to  8  **€. 
Root  MSE  between  the  pai^  measurements  rang^  from  0.07  to  2.03 

Paired  data  from  all  the  days  were  combined  and  analyzed.  A  composite 
comparison  of  virtual  temperatures  for  the  19  periods  is  shown  in  figure 
109.  The  overall  correlation  coefficient  between  RASS  and  radiosonde  data 
was  0.93,  and  the  root  MSE  was  1.62  **0.  Considering  that  the  RASS  and 
radiosonde  sites  are  separated  by  about  6  km  and  that  both  the  spatial  and 
temporal  resolutions  differ,  these  statistics  are  encouraging. 
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Virtual  Temperature  (deg  C)  RASS 


RASS/Radioeonde  Comparison 
APRF/Oasis  WSMR 
924  MHz  Profiler 


Virtual  Temperature  (deg  C)  Radiosonde 


35 


F^nrel09.  ConqMsitecompftiison  of  yirtualtempaBtures  based  on  RASS  (AFRF  site)  and 
ladkMMMide  (Oasis  site)  data  during  19  days  of  apparently  unifonn  wind  field  conditions, 
WSMR,  2  to  24  Angust  1992.  RASS  data  represent  both  3-  and  6-niin  averages. 


6.  Conclusions 


These  data  show  encouraging  and  discouraging  tendencies.  Two 
encouraging  tendencies  are  the  overall  good  comparison  between  the  wind 
data  obtained  by  the  924-MHz  system  and  the  five  other  systems  on  days 
of  uniform  wind  fields  within  the  WSMR  air  shed,  and  the  go^ 
comparison  at  low  altitudes  between  the  924-MHz  and  the  WF-100, 
although,  the  latter  comparison  days  were  not  necessarily  distinguished  by 
uniform  wind  fields. 

In  all  the  uniform  wind  field  days  and  WF-100  days  studied,  the  overall 
statistics  indicate  that  the  mean  924-MHz  profiler  measurements  of  wind 
speed  are  within  2  m/s  of  the  means  from  the  other  systems. 

Discouraging  tendencies  are  the  sharp  differences  in  wind  between  the 
924-MHz  system  and  the  other  systems  ~  if  individual  days  are  singled  out, 
the  mean  differences  can  approach  8  m/s;  the  differences  between  the 
924-MHz  profiler  and  the  sodar  at  the  upper  range  gates  of  the  sodar;  and 
the  lack  of  good  data  from  the  high  mode  of  the  924-MHz  profiler. 

Judicious  use  of  data  editing  procedures  and  quality  control  measures 
currently  under  development  would  significantly  improve  the  statistics  for 
the  periods  of  significant  disagreement  amongst  propers  at  a  site.  In  most 
cases  of  disagreement  between  the  924-MHz  profiler  and  the  rawinsonde 
data,  there  appear  to  be  reasonable  meteorological  reasons  for  the 
discrepancies. 
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Appendix  A 

Range  Gate  Data  for  the  Vertical  Wind  Profllers 
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Vertical  profiles  of  wind  speed  and  direction  were  obtained  with  the  924-MHz  profiler, 
die  sodar,  and  the  404-MHz  profiler.  The  gate  numbers,  corresponding  gate  heights,  and 
height  ranges  for  each  of  these  three  systems  are  listed  in  tables  A-1  to  A-3. 


Table  A-1. 
profiler 

Low-mode  gates  for  the  924-MHz  wind 

Gate 

Height 

Gate 

Height 

Range 

Number 

(m  AGL) 

(m  AGL) 

1 

120 

70-169 

2 

218 

169-268 

3 

317 

268-367 

4 

416 

367-465 

5 

514 

465-564 

6 

613 

564-663 

7 

712 

663-761 

8 

810 

761-860 

9 

909 

860-959 

10 

1008 

959-1057 

11 

1106 

1057-1156 

12 

1205 

1156-1255 

13 

1304 

1255-1353 

14 

1402 

1353-1452 

15 

1501 

1452-1551 

16 

1600 

1551-1649 

17 

1698 

1649-1748 

18 

1797 

1748-1847 

19 

1896 

1847-1945 

20 

1994 

1945-2044 

21 

2093 

2044-2143 

22 

2192 

2143-2241 

23 

2290 

2241-2340 

24 

2389 

2340-2439 

25 

2488 

2439-2538 

Table  A-l. 

Sodar  sates 

Gate 

Height 

Gate 

Height 

Range 

Number 

(m  AGL) 

(m  AGL) 

1 

50 

37.5-62.5 

2 

75 

62.5-87.5 

3 

100 

87.5-112.5 

4 

125 

112.5-137.5 

5 

150 

137.5-162.5 

6 

175 

162.5-187.5 

7 

200 

187.5-212.5 

8 

225 

212.5-237.5 

9 

250 

237.5-262.5 

10 

275 

262.5-287.5 

11 

300 

287.5-312.5 

12 

325 

312.5-337.5 

13 

350 

337.5-362.5 

14 

375 

362.5-387.5 

15 

400 

387.5-412.5 

16 

425 

412.5-437.5 

17 

450 

437.5-462.5 

18 

475 

462.5-487.5 

19 

500 

487.5-512.5 

20 

525 

512.5-537.5 

- 
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Table  A-3.  Low-mode  gates  for  the  404-MHz  wind  profiler 


Gate 

fumbo' 

Gate 
Height 
(m  AGL) 

Height 

Range 
(m  AGL) 

Gate 

Number 

Gate 
Height 
(m  AGL) 

Height 
Range 
(m  AGL) 

1 

500 

332.5-667.5 

19 

5000 

4832.5-5167.5 

2 

750 

582.5-917.5 

20 

5250 

5082.5-5417.5 

3 

1000 

832.5-1167.5 

21 

5500 

5332.5-5667.5 

4 

1250 

1082.5-1417.5 

22 

5750 

5582.5-5917.5 

5 

1500 

1332.5-1667.5 

23 

6000 

5832.5-6167.5 

6 

1750 

1582.5-1917.5 

24 

6250 

6082.5-6417.5 

7 

2000 

1832.5-2167.5 

25 

6500 

6332.5-6667.5 

8 

2250 

2082.5-2417.5 

26 

6750 

6582.5-6917.5 

9 

2500 

2332.5-2667.5 

27 

7000 

6832.5-7167.5 

10 

2750 

2582.5-2917.5 

28 

7250 

7082.5-7417.5 

11 

3000 

2832.5-3167.5 

29 

7500 

7332.5-7667.5 

12 

3250 

3082.5-3417.5 

30 

7750 

7582.5-7917.5 

13 

3500 

3332.5-3667.5 

31 

8000 

7832.5-8167.5 

14 

3750 

3582.5-3917.5 

32 

8250 

8082.5-8417.5 

15 

4000 

3832.5-4167.5 

33 

8500 

8332.5-8667.5 

16 

4250 

4082.5-4417.5 

34 

8750 

8582.5-8917.5 

17 

4500 

4332.5-4667.5 

35 

9000 

8832.5-9167.5 

18 

4750 

4582.5-4917.5 

36 

9250 

9082.5-9417.5 
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Appendix  B 

Range  Gate  Data  for  the  Temperature  Profiler 


Vertical  profiles  of  the  virtual  temperature  were  obtained  with  the  RASS  system 
associated  with  the  924-MHz  profiler.  The  gate  numbers  and  corresponding  gate  heights 
and  height  ranges  are  listed  in  table  B'l. 


Table  B-1.  Low-mode  gates  for  the  924-MHz  RASS 


systan 


Gate 

Number 

Gate 
Height 
(m  AGL) 

Hdght 

Range 
(m  AGL) 

1 

127 

74-180 

2 

233 

180-285 

3 

338 

285-390 

4 

442 

390-494 

5 

548 

494-600 

6 

652 

600-704 

7 

757 

704-810 

8 

863 

810-915 

9 

967 

915-1019 

10 

1072 

1019-1125 

11 

1178 

1125-1231 

12 

1283 

1231-1336 
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Appendix  C 

Vaisala  Rawinsonde  and  WF-100  Systems  at  WSMR 
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Vaisala  Kawinsonde 

The  Vaisala  stand-alone  rawinsonde  system  consists  of  a  DigiCORA  ground  station  and 
RS-80-1SN  (Omega)  radiosonde  packages  to  provide  Omega-based  navigation  aid 
(NAVAID)  winds. 

Worldwide  there  are  12  Omega  NAVAID  stations,  each  broadcasting  in  the  11-14  kHz 
range.  At  White  Sands  Missile  Range  (WSMR)  a  maximum  of  nine  stations  are  used 
because  the  three  Russian  stations  have  been  blocked  out.  A  minimum  of  three  stations 
are  required  to  compute  the  wind  vector  from  the  rate  of  change  of  the  signal  phase  that 
dq)ends  on  the  movement  of  the  radiosonde  flight  package.  According  to  Passi  and 
Morel,*  the  Omega  navigation  system  has  an  inherent  noise  of  200  m  in  differential 
position  measurements  so  at  least  3-min  averages  are  required  for  wind  measurement. 
Data  are  acquired  at  10-s  intervals. 

For  the  first  12  10-s  data  points  (2  min  or  about  600  m  depending  on  the  rise  rate  of  the 
balloon)  the  wind  data  are  estimated  theoretically  from  an  Ekman  spiral  that  depends  on 
the  wind  measured  at  the  surface  and  on  the  25-point  average  wind  at  the  2-min  point. 

The  derivation  of  the  Ekman  spiral  (a  hodograph  of  the  wind  velocity  vector)  assumes 
that  the  atmosphere  is: 

•  steady  state 

•  horizontally  homogeneous 

•  statically  neutral 

•  barotropic  (geostrophic  wind  constant  with  height) 

and  that  there  is  no  subsidence.  Because  the  combination  of  these  conditions  rarely 
occurs  in  the  atmosphere,  there  may  be  a  marked  difference  between  the  Ekman  wind  and 
the  actual  wind. 

Two  types  of  Vaisala  systems  are  currently  in  use  at  WSMR.  This  causes  a  problem 
because  the  low-level  (surface  to  about  600  m  AGL  =  first  2  min  of  the  flight)  winds  are 
derived  differently  with  the  two  systems.  Also,  the  system  used  for  a  rawinsonde  flight 
is  not  identified  with  the  wind  data  provided  to  a  user.  Only  a  technician  would  be  able 
to  differentiate  between  the  two  systems  and  even  then  it  would  require  opening  up  the 
system.  For  the  Vaisala  data  acquired  at  Oasis  during  the  summer  of  1992,  the  site 
logbook  indicated  that  only  the  Etoan  system  was  used. 


*  Passi,  R.  M.  and  C.  Morel,  "Wind  Errors  using  the  Worldwide  Loran  Network."  7. 
Atmos.  Ocean.  Technol. ,  4,  pp.  670-700,  1987. 
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The  older  of  the  two  systems,  hereinafter  referred  to  as  the  Ekman  system,  derives  the 
winds  in  the  first  2  min  of  the  flight  using  the  Ekman  spiral.  The  newer  system,  referred 
to  as  the  SYSGEN  system,  uses  a  cubic  spline  technique  as  the  basis  for  deriving  winds 
during  the  first  2  min  of  the  flight. 

Prd)lems  with  the  first  generation  Ekman  system  were  originally  discovered  by  a 
Canadian  group.  Apparently  unknown  to  the  users,  Vaisala  changed  the  software  and  in 
1982  came  out  with  the  DigiCORA  11  system  (also  Ekman  based).  WSMR  purchased 
12  of  these  newer  Ekman  systems  in  1982.  This  led  to  the  development  of  the  Integrated 
Upper  Air  System  (lUAS),  whereby  the  problems  encountered  in  the  low  levels  would 
be  circumvented  by  using  an  Enterprise  WF-lOO  radar  system  up  to  about 
20,000  ft  AGL. 

Of  the  12  newer  Ekman  systems  purchased  by  WSMR,  nine  are  still  in  use.  When  used 
in  the  STANDALONE  mode,  these  systems  are  still  Ekman  based  (i.e.,  they  were  never 
modified  to  the  SYSGEN  configuration).  Moreover,  the  vertical  averaging  interval  is 
fixed  at  4  min. 

In  1984  or  during  the  1987-1988  time  frame,  Vaisala  introduced  the  SYSGEN  system  to 
alleviate  the  problems  with  the  Ekman  spiral.  Although  the  SYSGEN  system  has  an 
operator-selectable  averaging  interval  that  ranges  from  13  to  25  10-s  data  points  (2  to 
4  min),  only  4  min  is  used  at  WSMR. 

Currently  there  are  13  Vaisala  systems  in  use  at  WSMR— 9  Ekman  and  4  SYSGEN. 

WF-100 


lUAS 

The  lUAS  system  was  developed  to  alleviate  problems  with  the  Ekman  spiral  data  in  the 
lowest  600  m  and  to  provide  improved  data  at  higher  levels.  This  system  uses  an 
Enterprise  WF-100  Wind-Finding  Radar  system  and  can  provide  elevation  angle,  azimuth 
angle  and  range  data  at  1-s  intervals  from  the  ground  up  to  an  altitude  where  the  WF-100 
switches  over  to  the  Vaisala  system. 

To  obtain  an  optimum  data  set,  several  hours  should  be  allowed  for  alignment.  Personnel 
at  Oasis  claim  there  has  never  been  a  problem  with  the  data  at  low  elevation  angles. 
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The  sampling  rate  of  the  WF-100  is  2S0  samples  per  second  of  each  of  the  range, 
azimuth,  and  elevation  angle.  However,  only  the  last  196  of  the  250  samples  (0.784  s) 
are  used  to  obtain  a  1-s  arithmetic  mean.  The  average  position  data  for  the  first  two  1-s 
data  points  are  used  to  determii^  the  1-s  wind. 

A  .WND  file  containing  the  following  data  is  created: 

•  altitwle~m  above  sea  level  (m  MSL) 

•  wind  speed  (knots) 

•  wind  direction  (**) 

•  eastern  horizontal  displacement  (m) 

•  northern  horizontal  displacement  (m) 

A  smoothing  technique  is  used  to  ease  a  possible  discontinuity  in  the  data  at  the  level  the 
WF-100  switches  over  to  the  Vaisala.  In  this  technique,  the  transition  begins  about  4  min 
before  the  switch  point  when  24  of  the  25  10-s  points  rq>resent  WF-100  data  and  1  10-s 
data  point  represents  Omega  data.  The  WT-lOO/Omega  weighting  systematically 
decreases  with  altitude  until  the  switch  over  point  when  the  4  min  average  wind  consists 
of  2  min  of  WF-100  data  and  2  min  of  Vaisala  data.  The  weighting  continues  to  decrease 
with  altitude  until  the  data  are  entirely  Omega  data. 

Obviously  bad  data,  usually  caused  by  tracking  problems,  are  manually  purged. 
Replacement  data  may  be  manually  interpolated  and  entered  or  the  computer  may  be 
tasked  to  do  the  interpolation  and  entering. 

The  averaging  interval  for  the  1-s  data  is  operator  selectable.  Data  are  usually  provided 
at  10-s  intervals  to  correspond  with  the  Vaisala  data.  The  10-s  data  represent  30-s  means 
(15  s  before  and  15  s  after  the  10-s  height).  The  30-s  averaging  interval  was  selected  to 
reduce  the  noise  inherent  in  the  1-s  data.  At  the  first  10-s  data  point  (10  s  after  balloon 
release)  the  30-s  averaging  interval  is  an  average  of  the  first  10  1-s  points. 

Tire  mean  and  standard  deviation  of  the  1-s  samples  constituting  an  averaging  interval  are 
computed.  Any  data  exceeding  2  standard  deviations  are  rejected.  However,  the  actual 
number  of  samples  constituting  the  averaging  interval  is  not  archived. 
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Appendix  D 

Sample  Statistical  Output 


ALL  SDR_924  DATA 
Corralatlon  Analysis 

6  'VAR'  Variablas:  W9  SPD  W9_0  M9__V  SDR_SPD  SDR_0  SDR_V 


Simple  Statistics 


Variable 

N 

Kean 

Std  Dev 

Sum 

Minimum 

Maximum 

H9  SPD 

286 

S.70S6 

2.9859 

1632 

0.1000 

13.4000 

V9~V 

286 

-2.2504 

4.7599 

-643.6154 

-12.7612 

11.3638 

W9“V 

286 

-0.1446 

3.7181 

-41.0550 

-9.2565 

12.2700 

SDR  SPD 

286 

4.5516 

2.6055 

1302 

0.2700 

16.0700 

SDR~U 

286 

-2.4636 

3.6949 

-704.5886 

-15.8259 

8.0622 

SDR  V 

286 

-0.1109 

2.7969 

-31.7263 

-5.9455 

10.0349 

Pearson  Correlation  Coefficients  /  Proto  >  |R}  under  Ho;  RhooO  /  H  ■  286 


M9_SPD 

V9JJ 

fH9_y 

SDR_SP0 

SDR_U 

SDR_V 

W9_SPD 

1.00000 

-0.45010 

0.13487 

0.64273 

-0.32007 

0.17278 

0.0 

0.0001 

0.0225 

0.0001 

0.0001 

0.0034 

W9ja 

-0.45010 

1.00000 

0.03273 

-0.43236 

0.78528 

0.04097 

0.0001 

0.0 

0.5815 

0.0001 

0.0001 

0.4902 

¥9_y 

0.13487 

0.03273 

1.00000 

0.10705 

-0.00030 

0.90117 

0.0225 

0.5815 

0.0 

0.0707 

0.9960 

0.0001 

8DR_8PD 

0.64273 

-0.43236 

0.10705 

1.00000 

-0.64040 

0.09651 

0.0001 

0.0001 

0.0707 

0.0 

0.0001 

0.1034 

8DRJI 

-0.32007 

0.78528 

-0.00030 

-0.64040 

1.00000 

0.00982 

0.0001 

0.0001 

0.9960 

0.0001 

0.0 

0.8687 

SDR_y 

0.17278 

0.04097 

0.90117 

0.09651 

0.00982 

1.00000 

0.0034. 

0.4902 

0.0001 

0.1034 

0.8667 

0.0 
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0«pttnd«nt  Variable :  H9_SP0 

Analysis  of  varianca 


Sua  of 

Mean 

Source 

OP 

Squares 

Square 

Model 

1 

1049.64452 

1049.64452 

Error 

284 

1491.24653 

5.25087 

c  Total 

285 

2540.89105 

F  Value 
199.899 


Root  HSB  3.29148  R-squars  0.4131 
0^  Naan  5.70SS9  Adj  R-sq  0.4110 
C.V.  40.16194 


Var labia  OF 
XMTERCEP  1 

SDR  sro  1 


ParaMtar  Bstiaatas 


paraMtar 

Estlaata 

2.353086 

0.736S60 


Standard 

Error 

0.27310176 

0.05209581 


T  for  HO: 

ParaMtar«0 

.8.616 

14.139 


Prob  : 
0 
0 


Oapandant  Variable: 

Analysis  of  varianca 


Sub  of 

Mean 

Source 

DF 

Squares 

Square 

Model 

1 

3981.87985 

3981.87985 

Error 

384 

2475.18167 

8.71543 

C  Total 

285 

6457.06152 

F  Value 
456.877 


Root  USE  2.95219  R>squara  0.6167 

Kean  >2.25040  Adj  R>sq  0.6153 

C.V.  >131.18493 


Variable  DP 
INTERCBP  1 
SDR  D  1 


Paraaater  Sstiaates 
Paraaeter  Standard  T  for  HO: 

Bstiaate  Error  Paraaeter-0 


0.241817 

1.011619 


0.20992463 

0.04732789 


1.152 

21.375 


Prob 

0 

0 


Dependent  Variable:  119  V 

Analysis  of  variance 


Soi  of 

Mean 

Source 

DP 

Squares 

Square 

Model 

1 

3199.58836 

3199.58836 

Error 

384 

740.25981 

2.60653 

C  Total 

285 

3939.84417 

P  Value 
1227.526 


Root  MSB  1.61448  R>square  0.8121 
Dmp  Mean  >0. 14460  Adj  R>sq  0.8114 
C.V.  >1116.92838 


variable  DP 
IMTERCEP  1 
SDR  V  1 


Paraneter  Estlaates 
Paraaater  standard  T  for  HO: 

Bstiaate  Error  ParaBeter»o  Prob 

>0.011706  0.09554132  >0.123  < 

1.197967  0.03419241  35.036  i 


Prob>F 

0.0001 


>  |T| 
.0001 
.0001 


Prob>F 

0.0001 


>  |T| 
.2503 
.0001 


Prob>F 

0.0001 


>  |T| 
1.9026 
1.0001 
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U  COMPONENT 


Univariate  Procedure 


Variable«U 


Moments 


N 

286 

sum  Wgts 

Mean 

0.213193 

Sum 

Std  Dev 

2.947319 

Veuriance 

Skewness 

1.252448 

Kurtosis 

USS 

2488.706 

CSS 

CV 

1382.465 

Std  Mean 

T:Mean>0 

1.223288 

Prob> 1 T 1 

Num  0 

286 

M\]m  >  0 

M(Sign) 

-3 

Prob>|M| 

Rank 

253.5 

Prob> 1 S 1 

99% 

Confidence 

Interval 

N 

ALPHA 

MEAN 

UPPER 

286 

0.01 

0.21319 

0.66213 

95% 

Confidence 

Interval 

N 

ALPHA 

mean 

upper 

286 

0.05 

0.21319 

0.55478 

286 

60.97321 

8.686691 

3.953438 

2475.707 

0.174279 

0.2222 

140 

0.7676 

0.8567 


LOWER 

0.23575 


LOWER 

-0.12839 


Appendix  £ 

Sample  Regression  Line  Plots 


Sekcted  regressicHi  line  plots  involving  tfie  924-MHz,  tower,  sodar,  and  404-MHz 
qrstems  duriitg  die  WF-100  and  rawinsonde  systems  are  shown  in  figures  E-1  through 


E-5. 
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Tower  vs.  924  MHz 


U  component 


V  component 


Tower  (m/a) 
(a) 


Tower  (m/a) 
(b) 


Wind  apeed 


* 


0  5  iO  15  20  25 

Tower  (m/a) 

(e) 

Fi|Bre  E-1.  Brirfhin  Ifaes  for  (a)  U  cooipmient,  (b)  V  fnmponaat,  and  (c)  resottant  wind 
qpeed  baaed  on  iniaiiimiinti  widi  a  924-MHz  w^  pridiler  at  120  m  AGL  (AlW  die) 
and  towcr^onated  aneaMoietcn  at  90, 120,  and  150  m  AGL  (LC-35) ,  WSMR,  dorinc  9 
ef  14  WF-100  ineawiranent  periods  lis^  in  taUe  3  (ISnnin  aTciases). 


924  MHz  (m/s 


Sodar  vs.  924  MHz 


U  componsnl 


V  component 


Wind  speed 


jupn-m  B.2.  Regrasioii  lilies  for  (a)  V  component,  (b)  V  component,  and  (c)  resnltant  wind 
need  based  on  measuranents  with  a  924-MHz  wind  inrofller  and  a  sodar,  AfRF  site, 
WSMR,  13  of  14  WF-lOe  measurement  periods  listed  in  table  3  (IS-min  averages). 
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Rawinsonde  vs.  924  MHz 


U  component  V  component 


0  5  10  15  20  25  0  90  180  270  360 


Rawinsonde  (m/s)  Rawinsonde  (deg) 

(c)  (d) 

Flfiire  E^.  Regressira  fines  for  (a)  U  component,  (b)  V  component,  (c)  resultant  wind 
qpeed,  and  (d)  wind  directUm  based  <ni  measurements  with  a  924-MELe  wind  proffier  (AfKF 
Site)  and  rawinsondes  (Oasis  site),  WSMR,  during  the  23  days  of  expected  uniform  wind 
fUiA  fisted  in  table  4  (30-min  aeerages  before  5  June  and  15-min  averages  after 
5  June). 
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404  MHz  vs.  924  MHz 


U  component  V  component 


0  5  10  15  20 

404  MHz  (m/s) 

(c) 


Figure  £-4.  Regresskm  lines  for  (a)  U  conpoiMiit,  (b)  V  componoot,  and  (c)  resultant  wind 
qpeed  based  <Hi  measurements  with  a  924-MB[z  wind  profiler  and  a  404-MHz  wind  profiler, 
AFRF  dte,  during  19  of  23  days  of  expected  uniform  wind  fidds  listed  in  table  4 

(dO-min  averages). 
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404  MHz  vs.  924  MHz 


U  component. 


-10  a 

404  MHz  (m/s) 
(o) 


V  component 


404  MHz  (m/s) 
(b) 


Wind  speed 


♦  ?♦  X 


t  ♦  . 

*  *  * 

♦  *  :  * 


0  5  10  15  20  25 

404  MHz  (m/s) 

(c) 

FisareE>5.  Regresdon  Unes  for  (a)  XJ  component,  (b)  Y  component,  and  (c)  resultant  wind 
speed  based  on  measurements  with  a  924-MBz  wind  profiler  and  a  404-MH2  wind  profiler, 
AFRF  site,  during  10  of  14  WF-100  measurement  periods  listed  in  table  3  (d0>min 
averages). 


